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ABLETIC ACID — A PRIMARY RESIN ACID OF THE OLEORESIN OF THE 
COMMON PINE (PINUS SILVESTRIS) 


I. Brady and 1. Ukhova 
(Presented by Academician B, A. Arbuzov, December 8, 1955) 


The nature of the major resin acids occurring tn che oleo-resin of the common pine, which grows 
within the boundaries of the USSR, has been establisied by the favestigations of V. Vv. Shkatelow (1) and V. i. 
investigations, c.xtropimaric (i), levopimaric (1), 
a -saphife (11), ard g-sapinic acids are the primary 
_ fesin acids, Actually, there {s doubt as to the existe 
ence of R-sapinic acid. 
The lative content of these acids in the crystal- 
tine part of pine oleoresin is, acco: Zing to N, Kome 


shilov [3,4]; I) 18%, il) 36%, and 46%, 


_Abletic acid (IV) has been considered exclusively 
a secondary aciu odtained by isomerization of levo- 
pimaric and @-sapinic acids Actually, abletic 
acid has been feund in the oleoresin of certain 4 merican 


pines 


In the present Investigation, it was shown that 
abletic acid-is a primary resin acid; it §s preseny in the 
unchanged olccresin of the common pine, 


The ablecdc acid was fsolated from the oleoresin 
by means of a method Involving crystallization of | 
Fig. 1. Photogiaph of abletic acid crystals, _ bomylamine salts of resin acids [7], 


dy 


\ 
COOH» COOH H& [00H COOH 2 
~ 
cH H=CH, C H, Ci 
: 
33% 4 


EXPEXIMENTAL 


1109 g of resin ackds, separated from fresh olcoresin, was recrystallized from alcohol, After teparation of 
the first fraction of crystals (504), a second fracitou (10%) separated out, from whitch abletic acid was obtained, 


Upon neutrallzation of the acids of the second © 
Be? of the fraction with bornylamine tn ether solution, 
salt of fevopimaric acid precipitated, After sep- 
arating this precipitate from the mother iquor, a 
second fraction of crystals fa) precipitated (10 g), 
whichcomprised chicfly borny] abletate (m.p, 140-148 
and fa}p = - 41.0° in alcohol solution), Five crystal- 
lizations of this salt fraction from alcohol Increased. 
the melting point as follows; 158-159°; 160-160.6°; 
160-361.5°; 161.5-162°; 161.5-162°. A total of 
of salt was obtained, 


oA 2 g ee Decomposition of the sak with boric acid and 
recrysta}lization from wari alcohol yielded very well 
i—~ formed crystals of low melting abietic acid (see Figure 1) 
Fig. 2° Ultraviolet absorption spectra, Abletic acid 
samples: 1) ours, 2D Harris [6] Bornyl abletate 
— 3) pure, 4). fraction a, ; Found 4: C 79.13, 79.28; H 30.10,.10,00 
Calculated 79.47; H 9.90" 


Absorption spectra, in the ultraviolet region of 
spectrum, of abletic acid are presented In Figure 2, 


As seen from. the Mik: our sample was nee than that described {n the iiterature[6} 


Instltute of Chemistry Academy of 


Received December 3, 1955 
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ON THE ADDITION OF TRIALKYL PHOSPHITES TO CERTAIN UNSATURATED 
ACIDS 


_Gilm Kamat and V.. A. Kukbtia 
(Presented by Academician A. E. Arbuzov, December 12, 1955) 


The reaction, discovered fifty years ago by A. E, Arbuzov [1], by which completely esterified phosphorous 
acids are transformed Into esters of phosphinic acids by the action of alkyl halides has been, up to the present 
time, one of the most Important methods of synthesis of various phosphinic esters, This reaction, which {is well 
known under the name of the “Arbuzov searrangement®, proceeds according to the following scheme: 


R’ 
(RO),P + R’Hal ~ (OR), R’P (OR)s + RHal. 
4 
Hail 


For some time past, considerable finporzance has also been attached to a new method for synthesizing 
esters of phosphinic acids, this method being one developed by A, MN. Pudovik [2]. Tics method consists of the _ 
additionof acid esters of phosphorus, phosphinic, and thiophosphorous acids to varlous unsaturated compounds 
in the presence of sodium alcoholates. As shown by V. S. Abramov [3], the additfon of dialkylphosphorous acids 
to the carbonyl group of aldehyJes anc ketones proceeds jn similar manner, Continuing his investigations in this 
field, V. S. Abramov established that not only the acid esters of phosphorous acids, but als their total esters, 
can add to aldehydes; whence, this reaction is related to the rearrangement of pentavatens phosphorus compounds, 
and is analogous to the Arbuzov rearrangement [4], 


In earlicr published work [5S], we showed that trizlky] phosphites enter into reaction with acid anhydrides, 
and this reaction also proceeds analogously to the Arbuzov rearrangement. Continuing our investigations in 
this field, we observed that maleic anhydride, in coatrast to the other anhydrides studied by us, reacts with trialky) | 
phosphites far more activeiy. The reaction begins at room temperature and proceeds with great evolution of 
heat, while the anhydrides of taturate¢ aci4s react at temperatures abdve 100°, Such ap abnormal course of re- 
action gives rise to the assumption that, in tht case of maleic anhydride, first of ali the double bond enters {nto 
reaction with the trialkyl phosphite, Unfortunately, the products of this interaction resinify during the reaction 
and distillation, and we were unsuccessful in isolating them in the pure form, 


The study of the reaction of trialky! phesphites with unsaturated acids showed that total esters of phosphorous 
acid add rather easily to these acids, The addition of trialky] phosphites to acrylic acid proceeds at room temperae 
ture with considerable evolution of heat (up to 100° and higher) by the reaction mixture, -MethacryMe acid begins 
to react with trialkyl phosphites at 60-70°, and the temperature rapidly rises to 190-150°, The addition also pro- - 
ceeds without heating at room temperature when the miature of reagents stands for a period of several days, : 


Investigation of the addition products obtained showed that they did not contain a double bond of an acid 
group, and did not give a reaction for trivalent phosphoras, ~ 


Upon saponification of the products of the addjtion of trlalkyl phosphites to acrylic acid. B-phosphonoprn 
pionic acid, described earlier by A. E. Arbuzov [6] and A. N, Pudovik [7], was obtained, The melting point of 


the acid obtained wax 168°, which ds identical with the earlier value, Sapoadication of the products of the add- 
of rrtatkyl phospites to gave a syrup which did wot crystallize for a long time, The 
materlal ohtaincd fram the reaction of ulethy} phosphiiie with methacryHe acid had physical constants and a. 
bo ling similst to those previously by A. M. Pudovik (2) for the ethyl ester of 
acid, 

The ethyl ester of obtained dy us was described earlice by A. Arbuzov and 
A. A. Dunin The constants of this ester were identical with those given carer, 


All these data, and also the analytical results, indicate that the addi:ion of triz*kyl phosphites to unsaturated 
acids yiclds the total esters of the acids, The mechanism of the addition 
can expressed as — 


The possibility of another reaction mechanism proceeding through a preliminary transesterification of the 
components with the formation of the dialkylphosphorous acid and the ester of the unsaturated acid scems less 


~ probable to us, since d!zikyiphosphorous acid does not add to acrylates under these conditions without a catalyst 


TABLE 1 


B.p. “C, 
and pres- | 


a, 
alc. Found 


— CH,COOC,H,- mn 00241 9.73) 9.62] 84.33 
0761 12.20 42.28 | 61.09 


0019! 9.54} 9.23) 83.44 


Using the above-described reaction, we synthesizee the and butyl esters of - phosphonoproplonic 
aci¢ and the ethyl, butyl, and {sobutyl esters of B- phosphonoisobutyric acid, the butyl esters being 
be The constants of these compounds are = in Tabie 1, 


| 
| 
| —— 
58.28 
00.00: 
1 83.62 


The reaction, discovered by us, of the. addition of triatkylphosphites to unsaturated compounds extends» 
the existing methods for the prepasation ef esters of phosphinic acids, Marlya Vlad took part in the execution of 
the part of this work, for which the authors express thelr 
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ORGANOBORON COMPOUNDS, SYNTHESIS OF COMPLEX COMPOUNDS oF 
UNSYMMETRICAL TRIARY LBORONS 


B, M. Mikhailov and A. 
(Presented by Acacemician B, A, Kazansky, Deceinber 21, 1955), 


Having set for ourselves the problem of preparing triarylboron compounds, we undertouk 2 study of the re- | 
action between aryllithium compounds and esters of diarylborie acids, which are prepared by a Grignard reaction 
with trialkylborates (1,2), It was hypothesized that the lithium salts of uiarylalkoxyborinic acids (D formed by 

reaction would be Cecomposed by hydrogen chtoride Into unsymmetrical trlarylberon coinpounds according to: 


Ar,B (£-OC,H,) + Av’Lt ~ [Ars (Ar’) B Ur [OL Arg (Ar) 
(I) 


Experlments showed that formation of the borinic acid salts (D proceeds comparatively smoothly, although 
accompanied by side reactions, Two salts— Uthium dipheny!- a-naphthylisbutoxyborinate (I, Ar = 
= which was formed by the action of a-naphthylithium on the Isobuty! ester of diphewylborie 
acid, and Lithium di-¢-naphhylphenylisobutoxyborinate (1, Ar = a-CygHy—, Ar = CgHs—), which was formed by 
the action of pheny!litiiuim on the isobutyl ester of di-a-naphthylboric acid — were individually {solated, In 
three other cases (the lithium salis of diphenyl-o-toly lisobutoxy triphenylisobutoxy-, and 
isobutoxyborfiale acids) the complexes weze not Isolated, and further operztions were carried out with the ethereal 
solutions obtained directly in the reaction, 


i 
| 


The bortnate salts (1) can enter {nto a reaction with aryllithium compounds, exchanging “ ae group in 
the complex anion for anarylradicaland thereby wea into tetracry] derivatives of borinic acid, 


[Ar (Ar’) B(1-OC,H,) Lt [Ate Li- 1-C,H,OLt 


Thus, in experiments on the actionof phenyllithtum or O-tolyllithium on ester: of diphenylborte ‘eth, 
corresponding Lithium salts of tetrapheny)-and acid (If, Ar = 
0-CHSCgHg—) were aso obtained In small amounts in addition to the salts (D. 


Since there are indications jn the Jiterature that wiarylborons (triphenylboron) are hydrolyzed by the action 
of hydrochloric acid [3], decomposition of the complexes (D in aqueous solution was unsuitable. Therefire, the 
salts (D were converted into triaryiborons by decomposition with dry hydrogen chloride according to the method 
used by one of us and P. M, Aronovich for the preparation of the ester of dipheny}boric acid from lithium te at 
diisobutexyborinate [4]. In the remaining experiments on the action of dry hydrogen ciloride on the sak (D, 
an ester of diarylboric acid was obtained instead of a uiarylboron, Thus, for example, the isoputy) ester of die — 
phenylboric acid, and not the expected dipheny!-a-naphthyJboron and dipheayl-o-tolylboron, were obtained © 
from the lithium salts of ‘diphenyl-a -naphthylsobutoxy- and ee — 


B (1-OC,H,) + ArH 
o-CH,C,H,—. 


i 
| 


; 
‘ 
| 
? 
+ 


. lithium(6.07 mole) at—1¢°, 


Thus, tw the cases cited, anions of the g-naplithy! and o-toly) radicak, which occupy aa average position 
between phenyl and groups with respect to clectroricgativity, and not the more electranegative alkoxy 
group, were scparated from the comples anton of the acid (11 and Joined to a protcn, 


_ Cleavage of the Uzhium salts of the trlarylsobutoxyborinic acids (1) with ma{ntenance ofthe eriary) boron 
grouping was successfully carried out by the action of amimonta or pyridine on the salt (I). In all cases, 2 molecule 


of amine displaced an alkoxy! fon from the complex antons resulting In the formation of neutral ammine complexes 
of mixed of boron and a alcololare, 


[Ary (Ar’) Bil Ats(Ar’) B Am 
Ar = Clty @-Cigtly —, Ar’ CH, — 
= NHS Pyridine 


Both the ammontater and. of the were insoluble in water and, therefore, were 
easily separated from the akcoholate, 


Ammine -omplexes of trlarylboron compounds were obtained by the action of aay on ammine 
complexes of csiers of diarylloric acids according to the equaticas 


1-0CH, 


+ Ars (Ar) B= 
Am 


As = —; «-C,,H3; Ar’ = o-CH,C 
pyridine 


EX PERIMENTAL 


(0,07 of the ester of diphenyli (b.p. 199-1225", scusity 0,276) in 50 ml of 


zbsolute ether was 2cded, over a period of 1 heur and with vigorous stirring, to an etherea) eolutios of @-nepathyl- 
The reaction mixture was stirred for 2 hour: at room temperature, after which the 
resulting crystalline precipitais was filtered, washed several umes with small portions of absolute ether, and dried 


under vacuum. 9.65 g (30% of theoretical) of the dietherate of lithium diphenyl-a- wes 


Found %: C 78,12; H 8.25; B 2.24; Li 2,47 
C 71.92; H 7.85: 3 2.24; LE 2,50 


A stream of dry zmmonla was passed through the filtrate obtained after the dietnerate of the 
lithium salt. The ammioniate obtained was recrystallized from a mixture of benzene and pentane (1:1), The 


yield of the ammeniste of di phenyt- a-naphthyliboron (m. Pe was 6.20 g of theoretical, calculated 
on the basis of the diphenylboric acid ester). 


Found $2 84.24; 4 6.405 B 3.55; N 4.59 
Calculated 85.45; H 6.52; B 2.50; N 4.89” 


di-¢ The exneriments were carrted out manne analogous 
to the “preceding. 0.28 mole of phenyllithium, free from lithium bromide {5}, and 9,40 g (0.023 mole) of the iso- 
butyl ester of di-a-naphthylborie acid [2] were used, The complex was precipitated by n-hexane from a concen- 
ethereal solution. 9,50 g (8049 of crystalline, lithium borinate was 


Found Fe B 2.44; Li 1.64 
(CeH,,30U. Calculated %: B 2,52; Li 1.65 


- 

| 

$8 
4 

| 


Diphenyl- ¢-naphthylberon pyridinate, To a solution of 0.9 g of the diethcrate of Kthium dipheayl- 
a-naphihy Msshutoxybor inate in a rhiature cf 30 ml of absolute ether and 10 ml of atsolute benzene was added 
0.5 ml of pyridine. The soluti-: was evaporated to dryness under vacuum, and 39 in. of water was added to 
_ residue, The pyridinate, which was insoluble in water, was filtered, washed with water, and dried at 50° under 

vacuvm..9,63 g (88% of bpamasen of diphenyl- a-naphthylboron pyridinate, with a —_ of 170-175°, was 
obtaineg, 


Found B 2,90; N 3.88 . 
Calculated B 2.91; N 
Di -a- naphthyl pheny!boron pytidinate, Using he preceding method, 1. 10 g (80 of of 
di-a-naphthylphenylboron pyridinate, having a m.p. of 213+ 215°, was obtained from 1.40 8 of lithium die 
a-naphthylphenylisobutoxyborinate and 0.50 g of 


Found B 2.52; N 3. 49° 
Calculated %: B 2.57; N 3.32 | 
thyl- From 0.011 mole of o-tolyllithium and 0. 011 mole of the 
isobutyl ester of di- q-naphthylboric acid, by weatment of the resulting Lithium salt solution with 1.5 mlof 
pyridine, was obtained 2.25 g (46% of theoretical) of di- g-naphthy]-o-iolylboron pyridinate, m.p, 203-205% 


Found B 2.57; N 3.25 
CeHy8N. Calculated %: B 2.48; N 3,22 


Di- g-naphthylphenylborea ammine, A stream of diy ammonia was passed through 2.15 g of lithium 
di- q-naphihy Iphenylisobutoxyborinate in 30 ml ef absolute ether, The ether was evaporated under vacuum, 
and the residue diluted with water. The dinaphthylpher;Iboron ammine was filtered, washed with water, and 


dried at 50° under vacuum, The of ammine wa. 1.35 (15% of theoretical), m.p. 170-173 (sintering 
at 125-144, 


Found $e C 87.18; H 6,66; B 2.95; N 3.47 
Calculated %: C 85,92; H 6.17; B 3.01; N 3,90 


Diphenyl-o-toly!boron ammine. Potassium diphenyldi-o-tolylborinate, From 0.052 mole of o-totyl- 
lithum and an equimolar amount of the isobutyl ester of ciphenylboric acid was obtained, by the preceding 
procedure with subsequent treatment of the ethereal solution of the Lthium salt with ammonia, 1.23 g (54.5% 
of theoretical) of diphenyl-o-tolylboroa ammine, m.p. 175-178° (sintering at 147-150). 


Found %: C 83.50; H 7.42; B 4,18; N 5.27 © 
Cy Calcolated %: C 83.53; H 7.38; B 3.96; N 5.13 


0.11 g of colerless, crystalline potassium diphenyldi- o-tolylborinate was from the filtrate by 
with potassium bromide, 


Found %: 8 2.85 
Calculated %: B 2.60 


Triphenylboron ammine, Potassium tetraphenylborinate, By the preceding method, 1.20 g (657 of 
theoreucal) of tiphenylboron ammine, m.p, 202-204° [6], was obtained from 0.05 mole of phenylithium and 
an equimolar amount of the isobutyl ester of diphenylboric acid, 0.1 g of potassium teuaphenyloorinate [7] 
was precipitated from the filtrate with a solution of potassium bromide, 


Found %: B 3,04 
Calculated %: B 3.02 


| 


. 


The action of hydrogen chloride on Uiliiuin diphenyl a-naphthyHsobutoxyborinate, 8.82 g of the 
dictherate of complex vor In 3Q gil absoluye benzene; a.stecam of ery NCI was passed through 
the solution, The solution was filtered, and the beauzene was evaporated under vacuum, The residue was dis- 
solved In pentane and treated with dry ammonia, 3,12 g (97% of theoretical) of the ammoniate of the fvo- 
butyl] ester of diphenylboric acid, m.p, 101-109, was obtained, After evaporation of the solvent, 1.10 g of 
naphthalene, m.p, 79-80°, was obta.ned from the filtrate. The ammoniate of the fsobutyl ester of dipheny)- 
boric acid was obtained in 88% yield by the action of ammonia on a pentane solution of the dipheny Iboric 
acid ester. Fo 103-105° (m.p. 64-67, according to the data of Letsinges 8D. 


| Found %: C 75.23; H 8.74; 8 4,19; N 5,32 
CygH,50N, Calculated %: C 75,24; H 8.69; B 4.24; N 5.49 


The action of hydrogen chloride on lithium The ethereal solution 
of the complex obtained from 0,027 mole of o-tolyliishium ard 6.40 g (0,027 mole) of the isobuty) ester of 
diphenylboric acid was treated with dry hydrogzn chloride, 4.80 g (70%) of the ammoniate of the tsebuty? 
ester of dipheay! boric acid, m.p, 103-105", and 1.5 ml of toluene were isolated, 


The reaction of the amrmoniate of the {sobutyl ester of diphenylborie acid with phenylluthium, Te an 
. ethereal solutien of 9.0074 mole of phenyllithinm, was added a suspension of 1.88 g (0.0074 mole) of the 


Ve 


ammoniate in 25 ml of absolute cther. The ether was evaporated under vacuuin, and the residue treated with 
Water, 1.03 g (S07) of triphenylboron ammine, m.p. 203-295 [5], was obtained, 


The action of aryllithiums on the icobutyl esters of diarylboric acids in-the presence of pyridine, To 
2s. ethereal solution of 0.005 mole of phenyNithium was added, without cooling, a solution of 1.01 g (0.0043 _ 
mole) of the isobutyl ester of diphenylboric acid and an equimolar amount of pyridine in § ml of absolute 
ether. Precipitation of crystals of triphenylboron pyridinate began after several minutes, The ether was 
¢vaporaied under vacuum, and the residue treated with water, 1.30 g (95%) of triphenylboron pyridinate [6], 
decomposing at 215°, was obtained, 


Found %: 8 3.30 
Calculated B 3.36 


Dipheny}-o-tolyiboron pytidinate, mp, 172-174", was prepared by this same method fn 87% yield, 


Found: 
Calculated %: B 3.53 


(m.p, 203-205", 85% yield) was ako prepared, 


All operations connected with the study of t:> reaction of esters of diarylboric acids with arylliithiums 
and with the decomposition of the lithium complexes were carried out in an atmosphere of dry nitrogen, 
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OXIDATIVE CHLOROPHOSPIINATION OF CHLORO SUBSTITUTED OLEFINS 


L. Z. Soborovsky. Yc. M. Zinovyev and L. 1. Mulet 
(Presenicd by Academician Knunyants, Deceniber 22, 1955) 


During oxidative chlorophosphinatloa® of with trehloride these ase formed the corres- 
ponding acyl chitorides of inic acids 


POCI, 


Certain facts, observed while cartying out reactions of phosphorus uichloride and oxygen with propylene, 
indicated the formation, along with the compound CHCHCICH,PUCI,, of its fsomer 
conclusive proof of this was not obtained, 


It was, therefore, expedient to Investigate oxidative chlorophosphination of substituted olefins, which would 
make ft possible to trace more clearly the direction of addition during thelr reacthoa with phosphorus trichloride 
and oxygen, In the present work, the behavior ef two cliloro derivatives of the ethylene series, viny} eee 
and allyl chloride, under oxidative chlorophosphination conditions wes investigated, 


We showed that vinyl chloride, during the reaction with phosphorus mice aad oxygen, forms a mix- 
ture of Isomeric acy] chlorides of dichloroethane phospninic acid, 


CH,CICHCIPOCI, (1) and CHCI,CH;POC1, (iD 


It was. not possible to {solate {ndividual comp-yunds from the reaction mixture by ordinary 
since the mixture distilled withiu a narrow tcinpcrature interval (see Table 1), 


_ The presence of fsomers was shown by a series of transfiamations, to which ini ioe of acyl dichlorides 
was subjected, By the action of an excess cf buty! atcohol at-S*, the previously prepared acy! chlorides were 
converted Inte the corresponding esters 


CH,CICHCIPO(OC,H,), (IID. and (IV) 


which, just as did. the original acy! chlorides, distilled within narrow Hmits, Upon leita treatment of these 
esters with triethylamine at 20°, one of the lsomess in the miture easily split out hydrogen chloride, forming 

the butyl ester of 2-chlorocthy}encphosphinke acid (V), while the othez isomer remained unchanged, The markeé 
difference in the boiling points of compounds (III) and (V) permitted separation of the individual substances 

from the mixture, Only 30-35% of the original mixture of esters of dichloroethanephosphinic acid (VD reacted 


with the triethylamine, 65-70% remaining unchanged in spite of the use ve an excess of amine and an increase 
in the dchydrochlorination temperature to 60-70%, 


That the unchanged compound was the dibutyl ester of 1,2-dichloroethanephosphinic acid (V) was established 
by dehalogenaticn with zinc dust to the dibuty) ester of ethylenephosphinic acid (Vil). 


The results ebtained show that the other isoma contained in the mene (treated with tshethysamnine) was 
_the he ester jer uf 2,2-dichloroethanephesphinic acid (IV), 
= By “ox "oxidative chlorophosphination reaction * we designate the interaction vapid by us, of hydrocarbons (or thely 
derivatives), oxygen, and PC], (or products of partial substitution of Cl by organic residues), which results in formation 


of a pliosphorus-carbon bond, formation of acy! chlorides of carscsponding alkanephespiiiale acids, and con vession of 
trivaleat phosphorus compounds into pentavalent compounds (1-4). 
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Thus, the oxidative chiorophosphination 
o: vinyl chloride under our conditions proceeds 
in two directiom, 
Ci, CHICA 4 2PCI, + 
CHCILCH 30-35%) 
+0,° + 
¢65—70%) 
+ POCI, 
Oxidative ch‘orophosphination of allyl 
chloride leads to the formation of the acyl chlo- 
tide of dichtoropropanephosphinic acid, It might 


be expected that, in this case also, the pocess 
proceeds in two directions: 


and (IV) 


‘Mixtures of isomers (ID 
Possible sresence of 


Mixture of isomers 


iiCH 


Yieid 


7 
79 


CH, = 
CH,CICHCICH,POC!, 


39.22 


1.1548) 1, 4492! 67.62 148.98 


140712) 1.4502) 83.89. 


13 ‘ 


found | calc. 


POCI, 


nt 
D 


o 
- 


23 
3 2 
a § 
3B 2 
a8 


38,79 


the reaction mixture was fsolated 
a substance, the structure of which was established 
by the following transformations, The acyl 
chloride of dichloropropanephosphinic acid was 
converted fato the dicthy! ester of this acid (1X) | 
by the action of an exerss of alcohol at 0", The . 
este. thus obtained was subjected to dehalogena- 
Non by zinc dust in ethanol, Depending on the 
strveture of the original acyl chloride, it might 
be expected-that there would be formed the 
dicthy! ester of 1- propene-3-phosphinic acid (3) 


75) 
2. 
3 
4 
3 


74—75. 
143145 
119—{29 
134:~136 
137—{ 40 


2°8—2i0 
110.5—111.5 


| 
B.p., °C Mressure, | 
[mm Hg 
mp 67—68"| 


CH,CICHCICH, 


PO (OCH,CH =CH,), 


CH,CICHCICH,PO (OH) 


Hye 


00 


i 


CH,= CHCH,PO 


CH ,CICHCICH 


CH, = 
or the diethy) ester of 
acid (XD) 


(OC,H 
al 
atiy)s 
CH, CHPO (OC,H,), 
CH,CICHCICH,POCI, 
PO (OCH;,), 


CICH, 


CHI ,CICHCIPOCI, 
CHICI,CH,POCI, 
CH,CICHICIPO 

CHCl =CHPO 
C,H,Ci,PO (0 
CH,CICHCICH,PO (OC 
CH,CICHCICH 


| 


(X11 
XIfl) 


(X 


SS 


(IX 


(Vil) 
(Vill) 


Properties of Synthesized Compounds 
* Total yield of the mixture of isomers, 


or a cf the lsomerle compounds (X) 


and (XD 


20m 

| 

| 

i 

| 


The fsolated ester easlly absorbed bromine, Elementary analysts and a compatisow of the constants 
of this diethyl ester with the constants of the diethyl ester of allylphosphinic (1-propene-F-phosphinic) acid, 
prepared by the method of A, E, Arbuzov from triethyl phosphite-and ally] bromide, and also with 7 iitera- 
ture data [5-7] indicated that the isolated compound was compound (X). 


The structure of the compound obtained was alse confirmed by its infrared spectrum, ic whlch | was : 
observed the characteristic frequency of double bonds >C=C<(J620 


However, the low yield of compound (X) does not permit the assertion, with cscigelabls authenticity, 
that oaidative chlorophospuination of allyl chloride proceeds only in one direction, 


In addition to the ethyl ester of dichloropropanephosphinic acid, the nbethyl] (xr and allyl (xp esters 
were also synthesized, Moreover, dichloropropanephosphinic acid (XIV) was Pe irom the acyl dichloise 
of dichloropropanephosphinie acid [dichloropr opanedichtor ophosphine oxide], 


The oxidative chlorophosphination of viny) chloride and allyl chloride was carried out by pasing j oxygen 
through 4 maxture of the respective chloroolefin and phosphorus tichloride at low temperatures, which main- 
talned the halo derivative entering into the reaction in the liquid state (-20° and + 15°, re«pectively}, 


The relatively high ylelds of oxidative chlorophosphination products in both cases of reaction with | 
halogenated olefins are deserving of mention (especialy on comparison of “hese yields with those citained | 
frm the corresponding hydrocarbons, ethylene and propylene), 
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ETHERATES AND DIOXANATES OF ORGANOLITHIUM COMPOUNDS 


T. ‘M. M. Nad and Associate Member of the Academy of Sclences USSR 
A. Kocheshkow 


Complex organometallic compounds as at the present time. great theoretical and 


practical fimportance, To 2 considerable degree, this — also 10 crganometallic compounds of the alkali 
metals, 


We considered it necessary to repost, in the present article, on the properties of some aes and ai 
oxanates® of individual organolithium compounds and on methéds for their preparation in a pure form, 


This class of complexes of organolithium compounds with ethers was discovered by Grosse (1929), for 
exainple, the dietherate of viphenylmethyllithium [1}, Later, B. M. Mikhailov and co-workers dexcrnited 
several etherates {2} and dioxanates [3] of ArLi, even allowing for a number of errors and contradictions,* * 
Wittig and co- workers described an ctherate of diphenyllithiumsodium similar 
the dimeric complex of phenyNithium found by us (but net isolated) inethereal solutions, These 
compounds are the first members of the succeeding series of complexes: Belli, (C,H) 
(C,H), ATILI, eic., which extends into both aromatic and aliphatic compounds (6). As shown by Wittig (6), 
dioxanates, for example [(CeH,) 2C4H,O, oF [(CgH) Cd ILI * 4C4H,O3, are formed by the action of 
ane on ethereal solutions of these compounds, 


Accerding to our data, the etherates of aliphatic and the simplest aromatic organolithium compounds 
(ethyl lithium, phenyl- and tolylt:thium) are extremely coluble, even at Jow temperatures, 


Ve isolated from an ethereal solution of p-tolyNithium at—70° the corresponding etherate didi: 
(C,H, Under these conditions, the crystals obtained froma the ethercal solution of phenylishium had aa 
ether content witch from 1,3 1.6 moles per role of 4, the variatizn being ecnrected, apporer uy, 
with the ciffieulty In crying the crystals at the low iemperature, failed to fsolate the ethereate of phenyl 
in an incivicsal forra,  At=75°, a solution of 3.5 ¢ of pure cthylithivin in 15 of ether congealed 
inte a compact waxy mass which cissolved on an inercase ‘ia the temperature or on Ciludon, 


The difficulty in isolating pure organometallie compounds (C,HsLi, CH¢O,H,Li) of their etherates from 
ethereal s-lutions may be the formation of complexes with inorganic salts (Libr, Lil, etc); It is probable 
this same thing makes it difficult to isolate pure diphenylberylNium from the uryal reaction miatures [6]. The - 
effect of the nature of the radical is seen, for example, in the etherate cf a-napmhyllithium, which easily 
crystallizes in the presence of an excess of the etherate of lithium bromide and can be omained in the pure 
by the usual reaction of phenyllithium with a-bromonaphihalene at -15° (cf, (2D. 


We carried out the preparation of pure dicxanates of organolithium compounds by the usual route ~ the 
addition of dioxane, until precipitation ceased, to a solution of pure (free from halide salts) organolithium 


_ compounde ®e factherwith cooling. The dioxanates isolated by us contained 1 mole of dioxane per mole of 


organolithium compound. The dioxanate of ethyllithium, isolated for the first time, is of particular interest. 
In oider to more completely confirm the structure of _ dioxanates aici in addition 40 analysis for 

* 1,4 Dioxane throughout the article, 

°° The incorrect interpretation by of the ternary phenyNithium Life * as 
the etherate of phenyllithium has been noted by us previously (4). 


“°° Jtisnot cleat why, using the method developed by us fon the isolation of individual organolithium compounds 
fr mthe esaresponding RySbin benzene medium, M, Mikhailov and P, M, Aronovich [12) found it more convenient 
torefer tothe work of Gilman and Woods, whunever not described individual by sucharoute [13]. 
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Whium, we determined the dioxane content by complexing it with linhium bromide, according to a method 
developed by us See 


In attempting -to preparé, by the method of B. M. Mikhatlov and N, Chernova [3], dioxanates of 
organolithium compounds, Arti * 2C,HjO3, described by them, we were Ied to the unexpected conclusion that 
the results and analyses precented In this work are totally non-reproducible, Under the condizions described 
by R. M. Mikhailov and N, G, Chetnova, by the acttom of a solution of aryl bromide {n excess dioxane on @ 
2.N solution of n-butyllithium in benzene, with vigordus evolution of heat, precipitates were, indeed, fcrmed, 
but these precipitates were, by no means, the dioxanates described by the cited suthors, but were mixtures 
comprising chiefly the dioxanate of lithium brotntde. In the case of the “dioxanate? of phenyllithium, the 
_ lithium bromide content of the precipitate was 39-35%, and fa the “dioxanates® of e-aaphthy lithium and 
ee it was 28 and 42% respectively.® 


Moreover, we may also note that, in the action of an excess of dioxane on a suspension of p-tolyllithium | 
in benzene, f.e., under the same conditions but using a well-known ArLi, the dioxanate formed goes into 
solution without noticeable heat evolution (a- precipitate is not formed). The vigorous evolution of heat ob- 

_ served by Mikhailov and Chernova does not pertain to the formation of a dioxanate, but is the result of the 
teaction of n- ~butylithium with dioxane (cf. [7). 


It is ako interesting to note that.the action of dioxane on an ethereal solution of the ternary complexes 
Libr* where R is phenyl] or p-toly}-[4}, results in the formation of precipitates in which the 


ratio RLi: Libr :C.H.O, is 2:1:3, These precipitates are probably mixtures of the above-described dioxanates 
of RLa and the dioxanates of lithium bromide.® 


EXPERI MENTAL 


All operations were enenied out in an atmosphere of pure nitrogen, in a special apparatus [9), and with 
dy, pure solvents and materials [4], 


Etherate of p totylithium, p-CHSHLi° (C,H). 32.8:g of p-tolyllithium in 25 m! of absolute ether 
was cooled to-70°, The precipitate was filtered by suction at this same temperature, washed twice with ether 
(-70°), and dried in a stream of nitrogen with gradually increaiing temperature to-30° until the particles of 
precipitate no longer ctuck together, The weight was 3.15 g; the analysis fs reported in Table 1, A, 


Etherate of a-naphthylthium, To 1.8 g (0.05 mole) of ethyllthivm [9] in 30 
of ether at -36° was slowly added dropwise a solution of 10.3 g (0.05 mole)of a-bromonaphthalene in 50 ml 
of ether cooled to -15*; the mixture stood for 15 minutes with cooling; the precipitate was suction filtered, 


washed twice with ether cooled to--15°, and dried in a stream of nitrogen, The =o was 5.9 g; the bernie 
is teported in Table 1, B (cf. [2]). 


Dioxanate of ethyNithium, C,H;LicC,HCy To 3.2 gof ethy!ithium [4] in 49 ml of absolute ether 
was added dropwise 5 ml of dioxane at 0°; The snow-white precipitate of dioxanate was suction- filtered, 
washed 3 times with cold ether, and dried in a stream of nitrogen at room temperature for 1 hour. Weight, 


3.82 g; the analysis is reported in Table’ 1,C. The pester: charred in a mixture of air and nitrogen, and 
exploded in air. 


Dioxanate of p-tolytlithium, p-CH C,H To 3.8 g of p- | {9} in 25 ml of absolute 
ether at 0° was added gradually 31 3 ml of dioxane in 10 ml of absolute ether, After 1 hour, the precipitate | 

_ was suction filrered (see above for treatment), Weight, 2.5 g; the analysis is seported in Table 1, D, 

° After the present article nad been prepared fer publication, there appeared an article by N. G. Chernova 
and B, M. Mikhailev (111, who, using a method which excluded the formation of lithium bromide during the . 
reaction, arrived at the correct saidtatel 9s to the compozition of dioxanates RLI; however, they did not re- 


nounce the previousty described *hisdioxanates” [3], treating them now as complexes of RLI with dioxane and 
benzene, which is not the case, | 


°For a similar action of dioxane on (C,HsMgBr)3° with the liberatiowr of insoluble 2C,4,O, 
dioxane-soiuble | see [8} 


- 
- 


| 
| 


of dfoxane;. from 0.8 g of dhe dloxanate was obtained 0.71 g of Libre Cap The ratio of 
to dioxane was 1;0,92, 


Dioxanate of a-napitl CHO. 3.2 g of the of {see above) 
was dissolved in 70 inl of ether and 5 mI of dioxane tn 15 mb of cther was added at 410°, After 20 minutes, the 
precipitate was suction filtered(sec above for treatment), Wetght, 3.15 g; the analysis is rcported in Table 1, E, 
Determination of dioxane; from 2,0 g of complex was cbtained of Life The ratio of RL to 
was 1:0.92 (cf. 


TABLE 1 


Ether or | Equivajens 
| Ui,% |RU,% at a 
0. 

8 in ference u 
A 0.2515 14.4 4.09 56.49 1.0 none 
A 0.2442 14.30 4.97 57.63 42.63 1 * 0,98 i 
C.2751 | 413.15 | 3.32 | 64.et 35.99 4 4.01 
B 0.2150 10.25 3.34 63.84 28.17 1,02 
Cc 0.2247 5.39 27.91 72.09 1 4.05 
$5.30 §.33 27.64 72,26 1 4.08 
D 0.2034 13.10 3.46 48.79 51.21 1 4.16 =e 
D 0.2841 $4.25 3.53 48.50 51.20 1 41.16 
0.2590 13.30 3.19 61.62 38.38 0.95 
E 0.2158 9.93 61.61 33:39. i 0.95 
Fe 0.2636 9.95 2.61 31.68 51.03 Agee 3.08 4.08 
Fe 0.1708 6.415 2.49 30,23 52.73 2 3.32 4.08 
Gee! €.3538 42.2) 2.39 33.79 48.54 2 3.18 
Gee] 0.2729 $.85 2.50 35.38 46.82 2 2.94 4.43 


; ¢ AgNO, 0.1 N 5.25 and 3,35 ml; LiBr, %: 17,29 and 17,04, 
** AgNO, 0.1 N 7.20 and 5,60 ml; LiBr, Ja 17.67 and 17.82% 
Dioxane determined as LiBr*C,11,0,, see Text, 


Dioxanate of lithium bromide,* Using an ethereal solution of lithium bromide, we quant- 
atively precipitated dioxane, as the dloxanate of lithium bromide, from cthereal solutions or from mixtiwes of 
ether and bromobenzene (1:1). The precipitate was washed with absolute ether (2-3 times) and dried in a 
stream of nitrogen or dry air, The analysis for bromine was carried out by means of 0.1 NAgNO, 


‘Found %: Br 45.85; 45.79 
C,H,O3, Calculated %: Br 45,71, 


Determination of dioxane {n dloxanates RLI, 1-2 g of the complex was mixed with 15- 20 ml of pure 
-bromobenzene, the mixture was gradually distilled in a small column to'154", and the distillate was collected. 
in 15-20 ml of absolute ether, The dioxane was precipitated with a small excess of an ethereal solution of : 
lithium brorside [4]; separation and analysis was carried out as above, The apparatus must be protected from * 
2tmospheric moisture, 


Dioxane and ternary complexes 2ArLi* LiBr’2(C,H)O [4]. Precipitates were formed by the action of 10 mi 
of dioxane on ethereal solutions (5 g in 30 ml) of the ternary complexes of phenyl- and p-tolyllithium at 10°; ° 
the precipitates were filtered, washed 3 times with ether, and dried (2,1 and 6.8 g). Aceording to the analytical ; te! s 
data, the cornponents were presert in the ratio-ArLi: LiBry CgHgQq = 2:1:3, The analyses are reported in Table 1 ; 
F and G, Determination of the dioxane as LiBr* C,H,O3 gave 3 moles of CyH,0, in both cases, 
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CATALYTIC ALKYLATION OF n- HEPTANE WITH PROPYLENE AND BUTANE. 
WITH BUTYLENE AT TEMPERATURES AND 


It has previously been shown that the s2turated propane, and p-pemtane 
react With propylene at high pressures (>300 atm,) and cievated temperatures (> 400°) to form a complex mixture 
of hydrocarbons, Undoubtedly, one of the ae reactions in this process fs _ of ee by the 
olefins, 


+2 


The present work hed as {ts alm the of the possibility with a greater 
number cf carbon atems; n-heptane and n-butene, 


The reaction was carricd out in a Mlow-type apparatus, The catalyst used consisted of sheenlenh oxide 
‘which had been treated with an aqucous solution of petassium bifluoride (10% by weight of the AlO) anda 
Gilute solution of sulfurfe acid and then washed with water. A detailed descriptios procedure, 
and caialyst preparation Js given In [1}. 


Alkylation of n-heptane with propylene, The alkylation of alkanes from butane te dodecane with olefins 
under static conditions in the presence of aluminum chloride at 25-40° and 1-15 atm, pressure was studied by - 
Ipatleff and co-workers [3]. However, experimental data were presented on the of Lsobutane 
and n-hexane with ethylene, . 


K, P. Lavrovsky and A. A. Mikhnotskaya [4] athytated n-heptane with propylene at 400" and 30 atm, to 8 
the presence cf silica-alumina catalyst, The experimental data were not presented by the authors, it rome 
stated only that the liquid products contained almost no unsaturates, - 


We studied the alkylation process in a flow-type system under high pressure and in the presence of a 
solid cetalys. Commercial! n-heptane, pmified by ueatment with concentrated sulfuric acid and subsequent 
‘washing with a solution of soda and water, was used, Aftet crying, the n-h=nauc was additionally Jabra by 
passage over silica gel, after which it had ab.p. of 97 “98° and nf} 1.3300, 


| Properties of liquid products dy fractions carta 


75-100° 100-150°| _ 150-175 |Residue 


The propylene was obtained by dehydration of isopropyl alcohol over aluminuin oxide, The experimental 
couditions and results are presented in Table 1, The experiments were carried out at 450° and 500 atm, The 
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1 |450]s00] 3.2 19.01 49]12.7143 |10.0 127 |276]27 s00 
| 2 |450|500] 1.4 | 85 ]34 [50 [168 ]27 | 436 
3 }450 {500} 4.3 [311 | 8.2 [52 55 435 


ratho of heptane to peopylene varied fn the range The space ratc the mixture fs expressed fa 


terms vf Meters per iter of catalyst per hour, 


The catalyzate obtained was subjected to rectification ina ‘colvaw uf 28 theoretical plates, Unsaturates 
fn the various fractions were determined by beomine titration, and the indices of refraction wer also determined, 


The decane fraction was subjected to chromatographic separation over gel 


From Table 1, ft is seen that the expected decane fraction 150-175" was larger than any other fraction 


(heptane, octane, of nonanc). It comprised 22-28 vol. % of the catalyzate, Its bromine number was lower than 


the bromine numbers of the other fractions, As scen from the catalyzate distiNation curve fue Experiment 1 
(Figure 3), the bulk of the decane fraction (~ 654) boiled in - range 163-163", After removal of the unsaturates 


passage silica gel, this fraction had the constants nD 1.4145 and ¢3°0.739L, 


ne termination of the degree of branching by Infrared spectra (5) showed that this fraction consisted mainly 
cad a substi uted decane 2 Since in the Raman spectrum of this fraction the 954 
frequency, which characteristic of branching at 

end of the chain [6), is missing, the methyl] group 


Accarding to the observations of Yu, P. Egorov, 

if the CH, group in singly branched alkanes (Cy and 

higher) fs {n the 3-position, the Intensity of the 28.6 

frequency in the Ramau .pectrum eaual to or 
"greater than the fntensity of the 2875 cm™! frequency, 

In our case, the intensity was Joway; the methyi 

group was not in the 3-position, Thus, it could occupy 

only the or 5- postion, 


By analogy with previcusly obtained results 0.2, 
it can be assumed that In this case also the propylene 
alkylated the n-heptane at a carbon atom In the 
2- position giving a slightly branched hydrocarbon, 


CHy+CH,=CH—CH, CH—CH,—CH,— cH, 


The of the fsolated us were, in fact, to the properties of 4- methylnonane, 
for which [7] gives the constants: b.p. 165.7; i % 1.4123 and di? 0.7323, The decane fraction also contained 
7 vol. % of aromatic hydrocarbons, which were separated chromatographically over silica gel. 


In Experiment 2, with 42% propylene in the initial mixture, the catalyzate obtained had a primanly 
saturated nature (bromine number 40), 81% of the caialyzate boiled up to 250°, The total yield of condemiate 


ata space rate of 1.1 was 127% based on the propylene used (Experiment 1), From literature ta, itisscen 


that n-heptane is severely cracked under static conditions, even at 400° and atmospheric pressure (8L However, - 


_with an Increase in pressuré from 620 to 1860 ati., cracking decreases [9}, On the other hand, under flow con- 


ditions at normal pressure, S00*, and in the presence of zirconia-alumina catalyst, there is almost no cracking 


of n-heptane [10], On passage of only over the catalyst at 450° and 500 atm., 95% of the heptane 


was recovered unchanged, Only 5%saf the heptane was converted into hydrocarbons boiling Jower or higher then 


ae heptane, About 1% of te heptane was converted into gaseous products, The liquid hydrocarbons formed from 


the mixture of n-heptane and propylene was 6-7 times greater (38% of the heptane fed), 


It should be noted that all 4 experiments were carried out using the same e catalyst charge, whieh thus was 


used about 8 hours without eo: 


| 


Alkylation of n-butane with butene, The expertincnts were carted ont with mixtures 16-18% 
Interne at pressures of 500 to 1500 alm,, temperatures in the range 420-480°, and space sates of 3-6, Purities 
of the butene and butane were, respectively, 9 and SPA 


TABLE 2 


Properties of Hquid products by fractions 
_ 100° _ 100 — 125° 


brom omine 
n cata- 
No. lyzate 


t. ratio, 


butane/ou- 


No. 


| Experiinent 


wre 


From Table 2, it ts scen that the onan octane fraction comprised 37-424 of the catalyzate, 59 ml of 
this fraction was subjected to rectification In a column of 47 theoretical plates, A narrow fraction, 117-119, 
was from which, after passage over silica gel, was obtaliuved about 20 mlof a satwatcd hydrocarboa- 
with nD 1.4012 and 0.7158, 


: By comparison of Raman spectra at frequencies, in cm’, of 762, 820, 874, 825, 1040, 1064, 1147, 1167, 
and 1302 with the catalog of spectra, it was established that the given fraction comprised chiefly S-mehyinepane, 
Consequently, butene alkylation of butane occurs at a secondary carbon atom, 


whence, the butene reacts chiefly in the form of the a-fsomer, 


From Experiments 4-6, it is seea that the unsaturate conteat of the valibeiad and that pertion of the cata- 
lyzate boiling above 125° increased with an increase in pressure from 500 to 1500 atm. A decrease in temperature 
to 425° (Experiment 8) Jed to a slowing down of the alkylation reaction and a marked Increase in the yield of 
polymezization products (the bromine number of the octane fraction was 98 in this experiment). 


r 


In order to investigate the behavior of butene alone under reaction conditions, experiments were canied 
out with butene at 245 and 465° and a pressure of 500 atm, A highly unsaturated catalyzate— the product of 
the polymerization of butene — was obtained in the experiment at 245°; the extent of conversion of butene into 
liquid produets did not exceed 8% Ar465° (Expeziment 9), the extent of conversion of butene into liquid pro” 
ducts reached 507. Upon fractionation of this catalyzate in a column of 23 theoretical plates, there was obtained - 

' a octane fraction (100-125°), in the amount of 21.4 vol. %, with a bromine number ved 60, which indicates an 
appreciable content of unsaturated hydrocarbons, 


Fig. 2 shows the great similarity of the distillation curves of the sunikanetid obtained in Experiments 4 em 
9, In particular, the formation of a narrow fraction boiling at 117-119° is observed in both cases, Apparently, 
3-methytheptane was also fornied in Experiment 9 


It has been shown that 3-methytheptane can also be a product of another reaction — redistribution of hydrogen 


3.3 14.7 42.0 38 430 
; 3.2 12.0 31,6 5s %.0 
36 8,0 37.3 18 $4.5 
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ia (at 420° fa Uw of catalya), Stree, in Experiment 9 with n-butene alone, 
the Increase fn catalyst -welpht duc to carbou formation was 27% after 30 minutes, it can be assumed that saturation 
a of the cataiyzate was duc to a hydrogen-transfer reaction, 

* In Experiment 4, carbon on the catalyst after 3 hours 
was only 6%; in thts case, hydrogen transfer must not 
have played a large part, Considering also that the _ 
yleld of vctane fraction In Experiments 4-7 (alkyla- 
thon of butane with butene) was 1,5-2 tines bighes 
than in Experiment 9, and that the unsaturates were 

2 Uines Jower, ft car be stated with assurance that 

tie catalyzate obtained from the n- butane- butene 
iilatuce was mainly an alkylation product, 


The results of our work show that, not only the 
Jower. gascons but normal hydrocarbons can be alkylated with olefins, Therefore, it 
can be assuined that the primary alkylation product formed in the process can ih tt further alkylation by ole- — 
fins. This fs one of the reasons for nature of the 
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CONTACT TRANSFORMATIONS OF 1,1°- DIMETHY LDICYCLOHEXYL abe 
IN THE PRESENCE OF PLATINIZED CARBON 


§. I. Khroinov, A. Kondratyev, E. Balenkova 


and Academician BL A. Kazansky 


In the investigations of B, A. Kazansky ard A. L, Liberman on the contact wiisiooniaiiaia of 1 a dimethyl- 
cyclohexane in the presence of platinized carbon, it was shown that piatinized carbon catalyzes the conversiva 
of this hydrocarbon into toluene, which is then partially methylated forming ortho- and meta-xylene nL 


Under the conditions of the experiments, other 1-methyl-1-alkylcyclohexanes undergo similar conversiony, | 
Thus, for example, we established that in presence of platinized carbon and at a temperature of 320° 1-methyl- 
1-ethyl-, 1-methyl-1-propyl-, and 1-methyl-1-butyleyclohexane are denydsqgenated with the formation of 


tolucne and the cornmesponding monoalkylbenzenes, the toluene being partially ne to ortho- and metas 
xylenes [2}, 


_ In comparing the behavior of the 1-methy]-1-alkylcyclohexanes in the presence of a ihpdesgeantion 
catalyst, it should be noted that the relative stability of the molecule of original hydrocarbon toward contact - 
transformation under the conditions of our experiments Increases with aa increase in the number of carbon 
atoms in the alkylradical, Duing dehydrogenation of 1-methyl-1-zlkylcyclohexanes, it is the methyl] group - 
which is preferentially split off, and not the other alky! group, and this, all things considezed, is — leads 
to the decreased yield of toluene in comparison with the corresponding alky}benzene, 


It appeared 10 us to be of interest to study the behavior of 1,1%dt aethyldicyclohexyl in the presence . 
of a dehydrogenation catalyst, this being a hydrocarbon of symmetrical structure with two quaternary carbon 
atoms and two six-membered rings connected together in the molecule, 


1,1*- dimethyldicyclohexy], which was synthesized by us, was contacted at 320° with 10% platinized 
carbon, Using silica gel chromatogr>phy, fractionation, and fractional crystallization, we {isolated from the 


cyclohexylcyclohexane, 


The approxima.e percentage hydrocarbon content of the catalvzate was as follows: tolvene, shout 20%; 


Nuceene, about 14%; ortho-tolybenzene, about 4%; 1-methyl-1- about diphenyl, about 
6}; 1-methy]-1-cyclohexylcyclohexane, about 


The considerable amount of toluene in the products of the coils indicates that, diene with ae Syaes 
genation, cleavage of the molecule at the 1,1°-carbon-carbon bond (the bond between the rings) isfundamentah 


This phenomenon is in ecrtradiction to the previous observations, according to which the methy] group 
in gem-methylalkyicyclohexanes is preferentailly split off in the presence of a dehydrogenation catalyst, and 
the tendency toward splitting off of the alky] group decreases with an increase iu the number of carbon atoms, 
Apparently, this non-conformity can be explained by the emergence, during catalytic dehydrogenation of 
1,1*-cimechyidicyclohexyl, of forces in both six-membered rings, as a result of the intezaction of the hydro- — 
carbon molecule with the catalyst, which forces are directed toward the loosening and rupture of the carbon- 


carbon bond common to these rings, and this, in the final analysis, leads to the formation of toluene as the 
chief product of the eid 


| 
| 
} 


However, the presence In the peoducts of the catalysis of sinall amounts of diphenyl, 1-meshyl-1-phenyl- 
cyclohexane, and fobexane indicates that, during catalytle transformations of 1,1*-dl- 


methyidicyclohexyl, one oe two methyl groups are also split from its molecule, although te a small exteut, 


The pecsence of fluorenc in the catalyzate attests to the following sérfcs of reactions, along with the — 
above-iIndicated types of reactions, duting, comtacting of with platinized carbons 
splitting off of ene of the methyl] groups and dehydrogenation of the six-membered ging takes place: then the 
ether methyl proup nilyrates Into the oetho- position, aad, sinrultancously with dehydrogenation of the secopd 
six-membered ring, the resulting ertho-tolylbenzene undergoes closire of a new merrbered which ree 


~ gults in the formation of fluorene, 


Literature data confirm the possibility of the of fluorene under condition of catalytic. 
genaticn (3) 


Apparently, ft can be that the and 1- 1-cyclohexyleyclo 
hexane in the catalyzate {s formed as follows; first, one of the gem-methy] groups 4s split eff forming methane 
and 1-methy}-1-cycJohexeny cyclohexane, which then undergoes further transformation in two directions, First, 
there cecurs further dehydrogenation of the «!x-imembered ring which has no gem-methy] group, thereby forming 

yclohexane; second, the 1-methy]-1-cyclohexeny ihexane undergoes the “irreversible catak 
vsis® of N, D. Zelinsky, resulting ia the formation of 2galn, 1-methyl- 


\-phenylcyclohexane, 


The ex perimental material obtained permits the presentation of the following posible scheme of the 


transformations of 1 ORR AI IS during contacting with platinized carbon at 320°, 


Synthesis of 1,1°-dimetheldicyclohexy}, A Grignard reaction of cyclohexanone with methylmagnesium 


. fodide gave 1-methy)-1-cyclohexanol which, by agitation in the cold with hydrochlorle acid, was converted 


to 1-chloro-1-methylcyclohexane, This chloride was converted to a Grignard zeagent by the reaction with 
magnesium in ethereal medium; a molar quantity of an ethcreal solution of 1-chloro-1-methyicyclohexane 


’- was then added, and, in addition, copper turnings and carcfully dried cuprous chloride were added to the mixture 


asa catalyst. The reaction mixture was heated at the boiling point of ether for two days, the bulk of the ether 
was distilled off, dry toluene was added to the reaction flask, and the mixture was heated at the boiling point 
of toluene for 8 hours, After decomposition of the reaction mixture and distillation of the ether and toluene, 


- the residue was boiled with metallic sodium and fractionated. In order to remove unsaturated hydrocarbon 
' impurities, the 1,1"-dimethyldicyclohexy] was subjected to chromatographic adsorption en silica gel, and thes 


again distilled.under vacuum, The fe ee <clohexyl was obtained in a yield of 15.2% of theoretical, 


99.5-100° (5 mm); 1.4920, dy 0.9045 Mig 62.32, Calculated for MAD 62,45, 


Found 4b: Cc 86. 54, 86.67; H 13.31, 13.25 
CyFig Calculated %; C 86.51; H 13,49, 


1,1°- Dimethyldicyclohexyl has not been described in the Mterature, 


Catalytic tansformations of 1 ,l'-dimethyldicycloiexyl, 60 ml of 10% plauinized carbon was charged 


| 


ing point. 


te the © atalyst tube, and 92,2 ¢ of 1,i1°%-dhuethytdleyetohexy! was passed (without a carrier gas) over the catalyst 
at 320 and a space rate of 0,2, The experimental results are presented In Table 1, The results of the analysts 
of the gas were: Hl, 90.8%; 8.9%, 


TABLE 1 
Bolling 
Gas Catalyzate, 8 Weight, 
te ml at 5 mm 


41,5175 18945 24,9 { 
2 1,52" 7835 22,6 2 95—410° 
3 41,4247 980 21,2 


115—~-445° 
Residue 
and 


Total 


2 


Upon fractionation of the Nquid part of the catalyzate, 14.5.g of hydrocarbon with a b.p, of 103-11) 
(756 mm), nB 1.4967, 470.8665 was obtained, Comparison of the constants of uils fraction with the Hterature 
data for toluene showed that It consisted of toluene, Nitsation of this fraction gave a product which melted at 
69°, A mixed melting point determination of the sample with 2,4-dinltro-toluene gave no i sexe of the . 
melting point. 


The part of the catalyzate remaining after separation of the toluene (6. 6 g) was wage to chhomatographic _ 
adsorption on sillca gel.in ordex to separate the naphthenle portion of the catalyzate from the aromatic hydro- 
carbons, the chromatography, 0.45 g of naphthenic was obtained with a bp, 103-105° {9 mm) 
and nd 1.4815, 


Judging by.{ts constants, this was {dentica] with 1- - specta 
syothesized by us, which was hydrogenation of 1-methyl-1- and which had a 
b.p. of 104,5-105° (9 min), nD 1.4824, ae 0,8897, . 


The aromatic portion 2 the catalyzate (6.0 2), obtained during the silica ge] chromatography, was sub- 
jected to cooling by ery ice-acetone mixture tn order. to separate crystalline hydrocarbons formed during the 
catalysis, As a result of this freezing technique, 2,30 g of crystals were obtained, which, after recrystallization 
from alcohol, melted at the melting point of Nuorene, 114° [4]. A mixed melting point of these crystals with 
pure fluorene gave no depression of the melting point. 


The non-crystalizing portion of the catalyzate (3,7 g) was fractionated under vacuum, The results of the 
distillation are presented in Table 


The first fraction (b.p, 90-95° (5 mm)), according to Its constants, tol- 1-phenyle . 
cyclohexane, for which N. G, Sidorova [5] gives b.p. 93° (S mm), 1.5210, 0.9392, 


The second fraction (b.p. 110-115" (S mm)) was oxidized with potassium permanganate in order t to deter- 
mine quantitatively itscontent of s;omatic hydrocarbons [6]. By oxidation of 0.8 g of the fraction, C.3 g of 
an acid ith m.p, of 112-114° (recrystallized from ethanol) was obtained, The constants of this acid sii well 
with the literature data for inho- cane acid, for which is given a m.p, of 113.5-114.5° [7], ~ 


Oxidation results provide a basis for peesurhing that the third fraction comprised chiefly ortho-tolylbenzene, 


From the fourth fraction (b.p. 115- 145° (5 mm), by fractional crvstallization from aqueous alcohol sol- 
ution, was obtained 0,8 g of dipheny}, with a m.p. of 6S, and-0,2 g of tluorene, m.p, 113-114", 


A mixed melting point determination of this —— with ~ dipheny} gave no depression of the a 


~ 
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“INVESTIGATIONS IN THE FIELD OF THE SYNTHESIS AND TRANSFORMA- 
‘TIONS OF VINYL SILICON COMPOUNDS, SYNTHESIS OF 
DICHLOROSILANES BY REACTION OF ALKYLDICHLOROSILANES WITH 


M. F. Shostakovsky D. A. Kochkin 
(Presented by Academician B. A, 3, 1956), 


Vinyi <ilicoa of the structure CH, = CHSiRs, where R is halide, alkyl, a aryl, areanewclass 
of substances and source materials for the preparation of varioys polymeric matesiab, Synthesis of these sub- 
stances is based on the reaction of acetylene and hydrogea-containing alkyl- or re oc their — Read 
derivatives, The reaction proceeds according to 


CHECH + HSiRy — = CHSiRy 
For example, we out the synthesis of vinylalkyldichlorosilanes using methyl- and 


where R is CH, ot C3Hs. These compounds can also be prepared by means of organomagnesium and 
bthium ceinpounds, 


One representative of this class, vinyltrichlorosilane CHg = was previously by us 
direct synthesis atilizing the reaction of viny] chioride with an alloy of silicon and copper Qk 


A mest basic and promising method for the preparation of vinyl siliccn compounds fs by the reaction of 
acetylene and the appropriate hydrogen-containing silanes (1) aad (11). Considering the great reactivity of 
acetylene and its availability as a chemical raw material [2,31, we investigated vinylation conditions for 
alkyldichlorosilanes, There are not sufficient literature data on this reaction, There is a single indication by | 
Furkhard and Krieble [5) as to the possibylity of adding acetylene to a chloresilane, There are recently pubd- 
lished patent data indicating the possibility of reacting acetylene with certain hydrogen-containing halosilanes, 
using platinum on finely divided carbon [6 However, the authors did give yields or »ynthesis 
The reactucn cf methyldichlorosilane and acetylene has not been described in the literature, 


In the investigation of the interaction of hydrogen-containing alkylhalosilanes with acétylene, we established 
that optimum results are obtained by carrying out the reaction in the presence of catalytic amcunts of palladium 
in an autoclave at a-temperature of 170-180" over a period of several Lours, The alkyldichlcrosilane dissolves 
a considerable amount of gaseous acetylene, even at room temperature. This permits charging of the required 
ameunt of acetylene and completion cf the reaction with a single heating of the autoclave containing the re- 
action miature, The acetylene is diluted by the vapors of the alkylhalosilane, which creates safe conditions _ 
for carrying out the reaction jin the autoclave, Our experiments established that not only palladium but also» 
nickel, beron trifluoride etherate, and platinized carbon can be used as catalysts for the vinylation reaction, 
When platinized carbon is used, the synthesis is carried out at higher temperatures than when palladium is 
used; along with this is observed very Jow yields of vinylalkyldihalosiJanes and the formation ofa large amount * 
of tarry as well at solid, pom: ; 


4 
j 
H 
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Methyl- and ethy!ldichloros'lanes prepared by direct were used as starting compounds, and 
these compounds are now readily accessible as synthetic raw materials, The various alkylsilanes of the structure 
Where ts alkyl or aryl, the various siloxancs R,Si-—O- SiR3, of the sily) amine compounds 

H ; 


R,Si — SiRg, f.e., compounds containing a Isbile hycrogen atom, curtain representatives of which have 


H H 
been prepared by us, can be recommended as starting compounds, 


Vinylaticn of methyldichlorosi!ane in the presence of platinum on carbon, The stainless steel, 0.5- liter. 


“autoclave was charged with 90.0 g (0.78 mole) of methyldichlorosilane (.p, 40-42; d? 1.1047 Cl contemt 61,287 


and0.3of pulverized carbon containing 4.0% Pt (0.013 g A). Acetylene was then inuoduced; the autoclave 
was rotated 10-15 minutes, and acetylene was again introduced, The autoclave was again rotated for 40-50 
munutes, and again acetylene was Inuoduced, Owing to the high solubility of acetylene in methyldichioro- 
silane, it was possible to introduce 20-30 liters of gaseous acetylene. The rotating autoclave was heated to” 
a temperature of 180-200° over a period of several hours, after which it was left overnight. As reaction was 


_ initiated, a considerable pressure decrease was registered in the autcclave, 


After cooling, the reactor contents were discharged, and the reaction products | were diclonases ina 
column of 15-20 theoretical plates, first at atmospheric pressure and then under vacuum, The following: 
fractions were collected; 1) 40-43° (742 mm), 30.2 g; 2 43-82°(742 mm), 2.5 g; 3) 82-91°(742 mm), 

0.6 g; 4) 91° (742 mmo), 2.8 g; 5) 48-82° (15 2.48; 6) high-boiling residue, 14,6 g. The fraction boil- 
ing at 40-43° was unreacted methyidichiorosilane, The fraction boiling at 91° at 742 mm (n5 1.4270; dg? © 


MRy calevlated for CsH,SiClz, 33,70; MRp found, 33.33) contained 


Found %: C 24,9, 24.99; H 3.94, 3.91; ‘si 20.24, 29.20; Cl 49.74, 49.85 
Calculated C 25.53; #8427; $119.89; C150,26 


Literature data for CH{CH, = CH)SIC},: bp. 92-93%, 1.085 
The high boiling products of the were black by heat and 


adhesive properties, 


Vinylation of in cf pa on The autoclave was charged 
with 86.3 g (0.75 mole) of methyldichlorosilane and 0,8 g of pelladium on aluminum oxide (Pd-AlOy, 0.5% 
palladium (0.004 g palladium) Acetylene (27-28 liters) was then added as described above, The autoclave 
wes heated to 170-1 80° ever a period ‘of several hours, Addition of acetylene began at 170°, The reaction 
froducts were a cark brown liquid with a sharp odor, from which the following fractions were obtained: 1) * 
49-43° (746 mm), 30.8 g 2) 43-28* (745 mm), 4.7 g; 3) 88-92" (750 mm}, 18.0 g; 4) 32-84° 
10. 9 g: 5) high boiling residue, The first fraction was original methyl dichlorosflane, 


‘The third fraction, bp. 88-92" (750 mm), 18.0 g (n® 1.4270, ¢? 1.0370) was 


| (23.0% of theoreucaly, The fraction boiling at 32-84° (6-11 mm) contained, apparently, products of the 
es addiuion of acetylene to methyldichlorosilane of various cegrees of unsaturation, 


Virylation of ethyl4éichloroilane in the pesvence of platinum on carbon, Vinylationof 90g (9.7 mole) of © 
ethyldichioosilane (b.p, 74,5° at 752 mm, nD 1.4129, d7? 1.0849, Cl 55.0) in the presence of 0.3 g of carbon. 


: _ containing 4% platinum (0.012 g of platinum) at a temperature of 180-200° over a period of re hours 


a product which was into the following fractions: 1) 70-75° (750 mm), 29.0 nD 1.0845; 


soe Oe 1.0826; 2) 80-118°(750 mm), 3.9 g; 3) 118.5-119,5° (743 mm), 5.0 g; 4) 80-200° (2.5-3.0 mm), 8.0 g; 
residue, 22.0 The first fraciion was unreacted ethy!dichlorosilane, The third fraction, 


nb 1.4385 and 1.0664, contained dichlorosilane (CH, = calculated for 


38.89; te found 38,24, 


Found 4: 30.90, 31.00; H4.99, 5.16; si 18.14, 18,49; Cl 45,70, 45.69. 
Calculated C 30.98; H 5.16; Si 18,12; Cl 45,74, . 


Literature data for (CjHy) (CH, = CH’SiCl,: 122,0° (750 mm), dys 1.053, n® 1.4405 5 {6} The yield 


of vinylethyldichlorodilane was 3, The hi } 


(7) of methylviny}dichlorosilane via organomagnesium synthesis fom vinylilane trichloride 
of which from the reaction mixture is Bifficuit to the closeness of - 


3:2 

i 


Vinylation ¢ of ethyiiicharcalione th in the presence of platinum on carbon of low platinum content (0, 004 £ 
platirum), Upon catrytng out this proce+s In the presence of a small amount of platinum (0, 004 ry even at 
a temperature of 230° for several hours, there wat practically no vinylatton; only an insignificant amount of 
was isolated, major part of the ethyldichlorosilane was recovered unchanged, 


Viny'ation of ethyldichlorosilane in the presence of palladium on aluminum oxide (Pd - AlO,). The 
autoclave was charged with 70,0 g of ethyldichlocosilanc and 0.8 g of pulverized — palladium on aluminum 
oxide with a palladium content of 0.5% (0.004 g of palladium), After the introduction of 37 ters of acetylene, 
the autoclave was heated to 160-170° over a period of several hours, Even at such a temperature, a marked 
pressure decrease was observed. The addition of acetylene to ethyldichlorosliane proceeded exothermically 
and required strict control in oder to maintain the required temperature, Fractionation produced the following 
fractions; 1) 70-75° (750 mm), 28.0 g; 2 94-100° (89-90.mm), 21.8 g; 3) 105° (14.5 mm), 2.4 g; nd 1.4790; 
1.1870; 4) 117-121° (12-13 mm), 10.0 g; 5) 125-140° (11.5-12.0 mm), 11,9 g; 6) high boiling residue, 
2.6 g. 


The first fraction, boiling at 70-75° (750 mmm), was unreacted ethyldichtorosilane. From the fraction 
boiling at 94 100° (83-90 mm), a fiactionstion Isolated 19.9 g of vinylethyldichlorosilane (30.5% yield 
based on reacted ethyldichlorosilane). From’ the fraction boiJing at 125-140° (11.5-12,0 mm), a sccond 
fractionation isolated a compound boiling at 140° (10.5 mm), 4.6 g; (nD 1.4869; @ 1.1910), apparently 
= CHSI(CDC3H,. found 75,05; calculated for 78.0, 


Found %; C 30,51, 30,69; H 5.22, 5.28; Si 18,07, 18,12; Cl 44.13, 45,05, - 
SI Cly Calculated C 30,97; H 5.1; Si18.1; . C1 45,70, 


The high-oiling fraction, 2.6 g, was a viscous, dark colored, fusible tar, 
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CYANETHYLATED KETONES IN THE SYNTHESIS OF UNSATURATED. ¥, 
&-LACTONES, A NEW METHOD OF SYNTHESIS OF a-PYRONES | 
N. P. Shusherina, M. Yu. Lurye and R. Ya. Levine 
(Presented by Academician A, N. Nesmeyaney, December 19, 1955) 


In our previous communications, we described the synthesis of the unsaturated §-lactones a™™ -hexahydro- 
coumarin (1,2) and 5,6-cyclopentano-3,4-dihydro- a- pyrone [2], Bromination of these lactones was studied in 
she present work, It was established that on the action of bromine on unsaturated lactones with condeased rings, - 
crystalline dibromides are formed which, on vacuum distillation fn a stream of dry alr readily split out two 
molecules of hydrogen bromide, forming the corresponding a-pyrones (I. and 10: 5 
(5,6,7,8-tetrahydrocoumarin) and 5,6- pyrone, 


Thus, bromInation of unsaturated §- lactones, in the absence of motsture, and subsequent distillation of 


the resulting dibromides can serve as a method for the preparation of difficultly available a-pyrones, 


These pyrones are very stable substances which do not decolorize bromine water, Their structure was 
confirmed by fusion with malele anhydride (and also by — with maleic ae in toluene of xylene 
solution) to obtain the double addition products hice 


| 
| | 
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(111 and 1V), the fuemation of which was attributed to the successive reactions: addition of malcic anhydelde to 
the dicnic system of the a-pyrone, splitting out of carbow dioxide from the resulting monoadduct, and addition 
of a sccond molecule of maleic achat 


It should de noted that the liberation of carbon dioxide In thls reaction proceeds very readily, merely o on 
heatlig to 190° (In toluene solution), and {s concluded. after only 2 2-hour cefuxing of the reactlon mixture at 
this temperature, Thereforcy under these conditions (fusion of heating Jn toluene or xylene), we were unsuccessful 
in {solating addition: products to the of one molecule of maleic to the »nolecule 
of substruted a> pyrone, 


This behavior of 5,6-cyclohexano- and 5 a-pyrone In reactions with maleic 
differs from the behavior of other compounds of this series; a-pyrone itself (coumalin), dimethylcouralin, the . 
methyl ester of coumallnic acid; as shown by Diels and Alder, heating of these a-pyrones with malcic anhydride 
fn toluene solution gives the products of a single addition, and the splitting out of carbon dioxide and the forma- 
thon of products of a two-fold addition of maleic anhydride occurs only on 24-hour‘ heating in xylene, The 
structures of these double addition products (III and 1V) wee confirmed by hydrolysis to the tetrabasic acids 
(basicity was by were further as the corresponding tetramethyl esters 


EXPERIMENTAL 


5,6- Cyclohexano- a- - pyrone (5,6,7,8- croc To a solution of 15,2 g (0.1 mole) of 
hexahydrocoumarin (0.p. 117-11875 mm: niy 1.5050 (1,2) in 20 ml CCly was added dropwise, while 
by ice, a solution of 16 g (0.1 molé) of bromine In 12 ml of CCly, After evaporation of the CCl, under vacuum 

in a cwrent of dry alr, the residue crystallized all atonce, On distillation under vacuum, vigorous splitting out 
of HBr occurred, and 5,6-cyclohexano- a- pyrone (12.4 g: 82.6% yield, on lacione) readily 
distilled. Byp. 123-124° mm); m.p. 63-64° (from alcohol), 


Found €.72.32, 72.20; 116.92, 7.00 
C3H, 03. Calculated $: C7198; 


‘Literature data: b.p, 115-123° at 1 inm; m.p. €4.5-65" 


Reaction with maleic anhydride, A mixture of 4g (0.025 mole) of 5 {6-cyclohexano-a-pyroe and 5.0 g 
{0,050 mole) of maleic anhydride were heated on a meta] bath; vigorous evolution of carbon dioxide (passed 
_ Into barium hydroxide solution} began at ternperature of 150-160°, and it was concluded in 20-30 minutes. The 
resulting addition product (LID was from a acetone the addition of ether (72 


Bound C 63.65, 63.60; H 4.90, 4,92 
Cis Calevtated C 63.90; 44.62 


Literature, data: m.p, 310-311° (4. 


If the maleic anhydride is teacted d with the 5 56-cyelohewano-a a-pyrone in a molar ratio of 1, ‘the sali 


of two-fold addition 1s stil} obtained, but In sine ier yield, An addition product of this saine compoutioa 
and with the same melting point was obtained by carrying out the reaction under other conditions — by refluxing 
in tolueac or xylene solution (at a molar ratio of cyclohexanopyrone to maleic anhydride of 1;2 and of 1:1). 


Upon heating the additzon product with a 20% aqueous solution of sodium hydroxide and subsequent 
acidification “ith concentrated hydrochloric acid, the crystalline acid (m.p, 306-308* in a sealed tube) was 
obtained, which titrated as the tetrabasic acid, The tetramethy) ester (V), m.p. 199-200° (from alcohol) was 
obtained by the action of an ethereal solution of diazomethane on a methanol rolution of the acid. 


Found : C 61.23, 61.30; H 8.74, 6.71. 
Calculated C 60.91; H 6.60. 


5,6-Cyclopentano- a-pyrone, a solution of 5.2 g (0.036'r:ote) of B-cyclopeat.no- -3 
a- pyrone (b.p, 118-119* at 13 mm; 1.4990 [2) in 10 ml of esther was added dropwise 5.8 g (0,036 mole) 
of bromine while cooling with solid carbon dioxide, After evaporation of the ether under vacuum ina steam. 
of dry arr, white, crystalline dibromide remained in the flask. Splitting out of hydrogen bromide proceeded 
vigorously on heating in a vacuum, and afterwards the resulting 5,6-cyciopentano- a-pyrone was distilled 
(yield 1.4 g, 27.3% calculated on the basic-of the original lactone): m.p, 87-88* (from aqueous alcoho), 


| | Found %: C 70,34, 70.60; H 6.14, 6.12 
CsHgO, Calculated %: C 76.62; H 5.92, 


5,64 yclopentano-a-pyrone Is not described in the Hrerarure, 


Reaction with maleic anhydride. A soluuon of 0.9 g (0.0066 mole) of 5,6- cepchobinela a pyrone and 


1,29 g (0,0132 mole) of maieic anhydride in 5 ml of toluene %a! teMuxed for 2 hours; vigorous evolution of | 
catbon dioxide (passed into barium hydroxide solution) took ‘place, The precipitated crystals of addition pro- 


duct (IV) (1.6 ¢; 84.2% yreld), afters recrystallization from . acetale pesieaci but did not melt, above 
320°, 


Found : C 62.66, 62.38; H 4.43, 4.37. 
Calculated C 62.48; H 4,19 


Solution of the addition product in a 10% solution of sodium hydroxide and subsequent acidification with 
hydrochlone acid gave the crystalline acid, which titrated as a tetrabasie acid; treatment of it» methanol 


solution with an ethereal sclution of diazomethane gave the ester (VI): m.p, (from 


Found %: C 60.00, 59.87; H 6.55, 6.56. - 
Cyt. Calculated C 60.01; H 6.36, 


Lomonosov Moscow Srate University December 14, 1955 ° 
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A NEW GENERAL METHOD OF PREPARATION OF AMINO ACIDS OF THE 
ALIPHATIC SERIES 


Ya. L. Goldfarb, B. P. Fabrichnyt and Ps Shalavina 
"(Presented by Academician A, A, Balandin, February 11, 1956) 


Recently, Ya. L, Goldfarb and B, P. Fabrichnyi [1}- described a new method for the preparation ef aliphatle 
a-amino acids from compounds of the thiophene series, which was based on the ability of Raney fickel to act as 
a desulfurizing and, in addition, a hydrogenating agent. Somewhat later it was shown by the authors, using the 
oxime of 2-thienylglyoxylic acid, that it is possible to arrive at aliphatic a-amino acids by Rancy nickel treatment 
of eximino acids, which are formed by the actfon of hydroxylamine on the corresponding keto acids. It Is entirely ~ 
probable that the latter methed can te extended to other oximino acids of the thiophene serics. This would permit 
the preparation of aliphatic amino acids of different types, differing in the position of the ainino group with res- 
pect to the carboxyl and having the common feature that the carbon atom bearing the amino group —— to 
a chain containing not less than 4 carbon atoms: 


R’ R° 


\s 


S 
1 


(CH,),COGH 


In connection with this, it should be noted that keto acids are ¢ perfectly available compounds which are 
formed in yields of 60-70% by the reaction of ‘thiophene with acyl chloride of w - carbalkoxy 
acids (2. The possibility of putting into practice this general method, which, however, must be complicated 
somewhat {see below), was established by us ina } sexies of examples, 


The required oximes of the keto acids were e prepared in yields of 88-92% by boiling the ‘inissesiisiad keto 
acids with a large excess of hydroxylamine in aqueous alkali, As already noted above, the direct couversion of 
the oxime to the aliphatic amino acid was successfully accompiished only in the case of the oxime of 2-thienylgly- 
oxylic acid, The other oximes gave oily materials under similar conditions; this required the introduction of an 
intermediate step; reduction of the oximes into the thiophene amino acids by the action of amalgamated aluminum, 
for which reduction Maller and Feld [3] recommesdcd the substitution of water for aqueous alcohol in certain cases; 
this substitution leaves the yield practicaHy unchanged, but the aluminum hydroxide filters faster, It should be 
noted here that this step of the process requires further study, since the product ‘is frequently obtained in poor yield, _ 


By the indicated route we prepared y- aminobutyric (II, n = 2, 8-(2-thieny))-& -aminovaleric 
(11,0 = 3), €-(2-thienyl- c- aminocaprolc (I, a= 4), (II, n = 7), and ¢-(2-thieny)- 


370-31 
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s-amlnocapric (II, m= 8) acids, and by hydrogenolysis of the first four of them using skeletal nickel we pre- 
pared y-amino-n-c3prylic = 2), $-amino-n- pelargonic (II, 3), €-amino-n-capric (IM, a = 4), 
and @-amino-n-tridecanole (Mil, n = 7) acids, Certain of the enumerated amino acids could not be fieed of 
‘very small smounts of mineial impurities; for this reasoa, the deviations observed during thelr analyris were 
somewhat larger than the experimental errorof the analyuical method; however, analysis of the p-toluencsulfonte 
derivatives of these amino acids gave results which- were in good agreement with the calculated values, 


EXPERIMENTAL. 


Dccincselie of amino acids of the thiophene serics, By the reaction ef thiophene with acy] chlorides 

of the corresponding «-carbalkoxy acids according to the published method [2], these keto acids were pre- 
pared: 8 -(2-thenoyl)- propionic, y-(2-thenoyl)-butyrie, &-(2-thenoyl)-valeric, q-(2-thenoyl)-caprylic, and0- 
Q@-thenoyl)-perlargonic acids. The previously acid was synthesized by us witha yicldof 
6h by the action of the acyl chloride of ere acid on thiophene; its m.p.was62-f210 - 
(after rectystallizstion from dilute alcohol), 


Pound 4: C 61.85, 61.55; H 7.12, 7.11; § 12.29, 12.5%, 
Calculated C 61.39; 172413; 12,60, 


Oxime of -(2- thenoyl)- propionic acid (1, n = 2). A solution of 50.4 g of 6-(2-thenoyl)- acid, 
61 g NaOH, and 57.5 g NHOH* HG] in 550 ml water was refluxed for 4 hours, After acidification of the cooled 
solution with cone, HCI,’an of, which quickly crystallized, separated out, The precipitate was filtered, washed 
with water, and dried in a vacuum over POg, 50.5 g of the oxime (92% yield) was obtained, After recrystal- 
Yization (with, activated carbon) from water, its was 135°, 


Found %: C 42.25, 48.20; H 4,33, 4,30; $ 15,81, 15.98; N 6.75, 6.82 
Calculated C 48.23;  H455; $16, 08; N 7.03, 


Oxime of y-(2-thenoy!})-butyric acid (I, n = 3). The yield of oxime was 88.2% ™.p. 123-124° (after 
rectystallization from water, Found 4: N 6.48, 6.52. 
Calculated &: N 6.57. 


The Oxime ‘of 8- -(2-thesoyl)-valeric acid (1, n = 4) was obtained with a yield of 88. S% 0 MPs 116,5-118° 
(from wate}. 


. Found %: N 6.22, 6.1% 
OWS. Caleviited %: N 6.18 


of 4-(2-thenoy)-caprylic acid (I, n= The was m.p. 114, 5-118" 
lization from dilute alcoho). 


Found % NS. 37, 5.25. 
Cy HONS, Calculated N 5,20. 


Oxime of acid (I, n = 8), The-yield was After several 
; fom dilute alcohol and dilute dioxane, the oxime inelted at 108-108.5% : 


Found N 4.83, 4.99... 


ThienyD-y-aminobutyric acid (1, n= 2). A mixture of Al (obtained from Ag of 
granular Al), 12 g of the oxime of &-(2-thenoyl)-propionic acid, and 240 ml of water was agitated for 16 
hours, The precipitate was separated and washed several times with hot water, The filmrate was evaporated 


to dryness under vacuum, The was 3,88 g (34.8% After from alcohol, 
the m.p. was 170-218 @ 


In all cases the point was determined in a preliminarily heated apparatus, 
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Found “4; C 51,65, 51.94; H 6.08, 5.85; S 17,07, 17.23; N 7.65, 1.48, 
Calculated 51,88 H 5,98; $17.31 


The p-toluenesul fonic derivative of the amino acid melted at after from 


“Found N 4.08, 4.05, 
Calculated %: N 4.13, 


$ -(2-Thienyl)-8 -aminovaleric acid (11, n = 3), A solution of 11.2 g of the oxime of y- (2-thenoyD- - 
butyric acid in'224 ml of 50% alcohol was agitated 15 hours with amalgamated A) prepared from 22.4 g of 
granular Al, Further treatment was carried out as indicated above, 4.47 g of &-(2-thienyD- $-aminovalerie . 
acid (42% yield)-was obtained, The m, p. was 156- after from dilute 


Found %: C 54.30, 54.31; 4 6.56, 6.71; N 6.83, 6.89, 
CyH,,0;NS, Calculated C 54.24; H6.57; 7.03, 


The derivative of the amino acid had a m.Pe of 128- after from 
dilute alcohol, 


Found %: N 3.93. 3.9%, 
Calculated $: N 3,96, 


(2-Thienyl)- €-aminocaproic acid (I, n = 4), Amalgamated Al, prepared from 20 g of anil Al, 
9.6 g < the oxime of 6 -(2-thenoy})-valeric acid, and 350 ml of water were agitated 16 hours, The precipitate | 
was separated and washed with hot water, To the filtrate, which had beén evaporated under vacuum to a 
volume of about 400 ml, was again added amalgamated Al, prepared from 15 g of granular Al, The mixture 
was agitated 16 hours, Further treatment was carried out in the manner described in the preceding experiments, 
Aftee driving off the water, the residue was washed with a mixture of ethyl and isopcopyl alcohols. The weight — 
of dry material wat 2,54 g (28.2% yield), After repeated crystallizations of the amino acid from a mixture— 
of ethyl and isopropyl alcohols, it melied at 166-168%, 
Found % C 55.71. $5.56; H 7.05, 1.14: N 6.32, 6.25, 
Calculated C H 7.08 6.57. 
The p-tolveresulfonic derivative of this amino ecid hoe m.p.cf81.5-8F afer 
Found %; C £5.63, 55.98; H 5.72, 5.79; N 3.63, 3.76, 
Calculated’ C H 5.76; N381 
@-(2-Thieny])- @-aminopelargonic acid (11, n = 7) was prepared from the oxime of n- (9 hesioy®h- capryhe 
acid under the conditions used for the reduction of the oxime of {2-thenoyl)- propicaic acid, From’ls g of 
the oxime was obtained 2.96 g @-(2-thieny])- 6-aminopelargonic acid with a m.p. of 162-162. 


Found 4: C 60.67, 60.56; H 8.19, 8.16; $ 12.44, 12.56; N 4.87, 4.90... 
Cy3H2,0,NS, Calculated C6114, H8.29; $1254; 5.49, 


The p-toluenesulfonic derivative of the amino acid meited at 114.5-115,5° after recrystallization 
dilute alcohol, 


Found %: C 58,41, 58.42; H 6.58, 6,75; N 3.42, 3.55, 
CuHz,NSp Calculated %: C 58.64; H 6.65; N 3.42 


 -(2- ThfenyD-e-capric acid (II, n = 8) was prepared by reduction of 6- (2- thenoyl)- pelagont acid, 
The m.p. was 152-153.5° after rectystallization from dilute alcchol, 


Found %: C 62.02, 62.11; H 8.39, 8.49; N 5.07, 4.98 
Cy Calculated C 62,41; H 8.60; N 5,20, 
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y: Amino-n-caprylic acid (IM, n= 2. 2S g of skeletal nickel was added with stirring to a solution of 
5.0 g of y-(2-thienyl)- y-aminobutyric acid In 250 ml of water heated to 65°, Agitation at 65-70° was con- 
tUnued for 3 hours (to a negative qualitative reaction for S, sodium nitroprusside test), The cataly:t was fil- 
tered off and repeatedly washed with hot water, The combined filtrates wese cvaperatcd to dryness under 
vacuuns The residve was dried In a vacuum over PO; The weight was 3.5 ¢ (737. yield, taking Into account 
thé water of crystallization). Pursfication was accomplished by boiling the solution ef the amino acid with acti- 

vated carbon; a 7-fold volume of alcobol was added to the fittrate, Upon cooling the solution with ice, a pre- 
which was off and dried in a vacuum over 


Found 4: C $4.40, $4.31; H 10.76, 10.69; N 7.88, 1.72 
HD. Calculated C 54,22; H 10.81; N 7.91, 


_ Analytical data showed that, after drying for a day in 2 vacuum desiccatcr over PO,, the y-aminoceprylic 
acid contsined water of crystaLization, The latter was eliminated by dying the amino acid in a vacvum over 
PDs for 2.5 hours at 80". _ The anhydrous amino acid melted at 147-149, : 


The p-toluenesulfonic derivative of the acid melted at 99-100° after recrystalli zation 
from dilute alcohol, 
Found %: N 4:56; 4,45, 

ONS. Calculated %: N 441, 


__8 -Amino-5- pelargonic acid (IT, 2.05 g of 8-amincpelargonie acid(S% yield) was obtained 
by the action of 24 24 g of skeletal Ni on 4,45 g §-(2-thienyl)-§-aminovalezic acid, The amino acid was pur- — 
ified by ieprecipitation &om alecholic solution by ether and by crystallization from isopcopyl aicohol, M.p. 
1239-129,5°. The amino acid was readily soluble ‘in water and ethyl alcohol, 


Found %: C 62.28, 62,25; H 11, 06, 11.06; N 7.77, 7.79. 
Calculuted &: C 62,47; H 11,07; 8,10, 


The p-toluenesulfonic dezivative had a m “Pe 96,5-98" after from dilute 
Found %: N 4.22, 4.17 
Calculated N 4,28, 


€-Amino-n-capric acid (MI, n = 4). By hydrogenolysis of 4.3 g of €-(2-thieny!)-¢€-aminocaprofe acid 
under the above-indicated conditions there was obtained 1,52 g of €-aminocapric acid (40% yield), It mehed 
at 19.5-192* after from alcoholic solution by ether. 


Found %: C 63,46, 63.28; 10.85, 10.80; N 7.12, 7.27. 
Calculated C 64,12; H 31.30; 


The p-roluenesulfonic derivative mehed at 98-28.5° aes recrystallization from ditute alcoboL 


Found %: C 59.79, 59.73; H 8.03, 7.84; $ 9.70, 9.64; N 3.98, 3.85, 
Ci ONS. Calculated C 59.79; H 7.97; $ 9.39; 4.10, 


@-Am»no-n-tridecanoi: acid (DI, n = 7). Hydrogenolysis of 9-(2-thienyl)- @-aminopelargonic acid. 
was ac indicated above, but in the presence of NH» 1.45 g of @-aminotridecanoie acid was obtained from 3.4 g 


oi the original amino acid. The amisio acid Was puified by ieciysiatlization from absolute isopropy! alechol 
M.p. 2 127-129, 


- 


Found %: C 67.30, 67.17; H 11.56, 11.62; N 5.90, 5.89. 
CishesO3N Calculated %: C 68.06; H 11.87; N 6.11. 


The p-toluene-ulfonic derivative melted at 58- after from dilute alcohol, 


~ 


Found %: c 62.49, 62.23; H 8.40, 8.60; N 3.61, 3.68, 
Cat DNS. Calculated %: C 62.63; H 8.67; N 3.65. 


N. D, Zelinsky Institute of Organic Lp ep Received January 26, 1956 
Chemistry, Academy of Sciences USSR 
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THE ACTION OF ACYL HALIDES AND OF THE ANHYDRIDE OF ACETIC 
ACID ON GYLCOL ESTERS OF PHENYLARSINOUS ACID 


Gilm Kamai and N. A, Chadaeva 
_ (Presented by Academician A. E Arbuzov, January 18, 1956) : 


In a previous work [1], we showed that alkyl esters of a+methoxypropyleneglycelarsenous acid enter com- 
paratively readily Into a simple exchange reaction with acctyl chloride according to the equathons | 


As—OR+CII,—COCI | 


+ 


The above- Indicated ester also reacts without ring cleavage on heating with acetic anhydride with the. 
formation of the corresponding acetate and the monoaceiyl derivative of 
acid; 


+ Oo CH—O 


Thus, it was shown dy us that inixed cyclic esters of arsenous acid react with acetyl chloride and sath 


acetic anhydride in an exchange reaction in which the ring yAs—- is oils stable and is retained, i 


The present smal] work is a fucther development of our investigations in the field of fepes glycol « ester of 
arylarsinous acids and their preperties, Here we have set ourselves the goal of studying the reaction of acyl 
halides and of the anhydride of acetic acid withcyclic esters of a phenylarsinous acid and of elt wt, fi 
whether the reaction proceeds with complete or partial ring cleavage, 


The experiment carried out by us on the reaction of the ethylene glycol ester of phenylarsinous acid with 
both acetyl chloride and bromide showed thet an exchange reaction occurs with the liberation of a considerable 
amount of heat,with the for mation of we ee glycol diacetate and of phenyldihaloarsines 


~ 


| 
on 1s —OCO — Cll, 


O — CH, 
where Hal is Cl or Be. 


| 
| 
| 
| 
326-377 


It was also established by us that on heatteg a niixture of acetic anhydride and the ethylene glycol ester 
of phony larsinous acid, ring cleavage occurs and two compounds are forincd: ethylene glycol dlacctate and the 
diacetyl derivative of phenylarsinous acids 


‘The diacetyl derivative of acid fs a olly liquid with a odor reminiscent of 
acetic acid, It fs rapidly 


+ 11,0 —> C4,As O + 2CH,COOH 
Nooc-cH, 


The action of acetic anhydride on the putenatnetic’ ester of aaah acid also leads to similar results; 
two compounds are formed: crystalline pyrecatechol diacetate and diacetuxyphenylarsine, 


Ths, our synthesis of the derivative of phenylarsinous acid a series of derivatives of 
arsenous acid is 


CHy—COO CH,—COO, {2} 
CHy,—COOAR CH, —COO—As 


EXPERIMENTAL 


The starting materials, the cthylene glycol and the pyrocatechol esters of phenylarsincus acid, were dese 
cribed by us earlier (3), 


The action of acetyl chloride on the ethylene plycol ester st jhenitiokail acid, Into an Arbuzov dise 
tillation flask was placed 12.3 g of ethylene glycol ester of phenylarsinous acid, and 9.1 g of acetyl chloride 
was added from a dropping funnel, The temperature of the reaction mixture was Increased by this from 26 to 
97°. The contents of the flask were further heated on an oj] bath at 155° for a period of 1 hour. After cooling, 
a vacuum distillation was carried out, The following fractions were ee i, at mm, 6.3 g; 0, 
110-114°/ 10 mm, 7.8 g; 114-115°, 1.8 


From Fraction I, by a second distillation, was obtained 4.1 g of a ‘iaiiaien boiling at 186-188° with ._ 
nb 1,4203, dj 1.0278. Accerding to the anaiyticai daia, it was ethylene glycol diacetate, Fraction UI was. 
_ analyzed without further purification, 
Found %: As 33.76, 33,78; Cl 31, 67, 31.78, 
C,H,AsCl,, Calculated %; As 33,60; Ci 31.80, 


According to analysis for arsenic and chlorine, Fraction DI was pure phen Michcocoente’; 


; The action of acetyl bromide on the ethylene glycol ester of phenylarsinous acid, With external cooling 
(13 g of acetyl] bromide was added dropwise to 12,15 g of the ethylene glycol ester of phenylarsinous aci!d, The 
reaction proceeded with the liberation of a considerable amount of heat. At the conclusion of the addition, the 
mixture was heated on an oi} bath for an hour to 100-103°, The following fractions wese obtained by vacuum 

_ distillation; 1, 71-78°/10 mm, 7.5 g; II, 129-138°/10 mm, 4.2 g; LI, 143-144°/10 mm, 10.9 g, 


After warhing Faction a with soda colution and twice with water and drying, the remaining liquid was - 
diztiiled, 186- and nD 1.4145, Fraction was analyzed without additional distillation, 


Found As 23.95, 24.02; Br 50,31; 50.99, 
Calculated $e 24,02; Fe 51,25, 


Tia, the action of acety} bromide on the ethylene glycol ester of phenylarsincus acid fs abo.an ‘exchange 
reactiva re: vlting in the formation of ethylene giycol diacetate and phenyldibromoarsine, 
i 


The action of acetic anhydride on the ethylene glycol ester of phenyTarinous acid, ais a distillation 
flask were placed 12.15 g of the ethylene glycol ester of phenylarsinouc acid and 12,7 g of acetic anhydride. 
The mi-ture was further heated on an oj: bath to the woiling point of acenic > ape for 6 hours, The follow- 
ing fraction: were then obtamed by vacuum distitlation: 1, mm, np * 1.4185, 9.2 Bi 152-3608 mm, 
nB 1.5481, 3.15 g; 128-130°/2 mm, np 1.5485, 7.9 g. 


After the ccuesponding treatment, ethylene glycol dizcctate, b.p. 186- TRE" nb 1. 4184, was isolated 
from Fractica | by distallation, From Fraction was isolated a fraction boring at 128- mm, 


Found %: As 27.81, 27.54, 


According to the data, the substance obtained was Cy 
It was a clear b quid with d2°3.4263 and np 1.6 5485, In moist au it quickly became covered with a white 
film, probably phenylarsine omde, 


The action of acetic anhydride on the pyrocatechol ester of phenylarcinous acid. In a manner analogous 
to that decribed above, a mixture of 7.8 g of the pyrocatechol este: of phenylaisinous acid and 6.0 g of 
acctic anhydride was heated on an oil for S hourr at 120°. The following were obtained by 
vacuum distillation; J, 117-1273 mm, 1.5092, 3.7 g; 123-137°3 mm, D 7? 15495, 6.0 


Fraction I soon crystallized, The crpials were washed to neutrality with a solution of bicarbonate and 
then twice with hot water, After cooling, the crystak were separated, pre- ed berween sheets of filter paper, 
and dned in Mip. 63-64, Consequently, the isolated material was pure Pytocatechol diacetate, 


Fraction II was redictilled to isolate the major fracti: n of the product with a b.p. of 126- 128701 
n5 1.5485, which was the above-described diacetyl derivative of phenylarsinous acid, ee 


$2 ponification of CsHsA(OCOCH,. 3.2 g of the diacetyl derivative of phenylazsinous acid was mixed 
with 50 ml of water, The minature was heated to boiling, and then remained for several days at room tempera | 
ture, The white precipitate was f.irered, washed with water, and dried to comtant weight. M.p, 123-12S°. . 


Found &: 44.48, 44.58. 
=O. Calculated $: At 44.59, 
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REACTION IN THE SYSTEMS CARBOXYLIC ACID-THIONYL CHLORIDE, 
sR NEW TYPE OF CATIONIC CATALYSIS 


M. Ya. Kraft and V. Katyshkina 


(Preseuted by Academician A. N. Nesineyanov, February 11, 1256)” 


In a preceding communication [1], we showed that the reaction of phenois with phosphoryl chloride, 
which leads to the formation of acy] chlorides of arylphosphoric ec‘ds, is considerably accelesated in the 
presence of neutral salts of the elements of Group 1 (NaCl, KCI), In addition, it was established that the activity - 
of the catalyst, NaCl for example, depends to a great extent.on the dissociation constant of the phenol — the 
higher the dissociation constant, the more effeztive is the addition of the neutral salt, Nitrophenols can react 
with POC], only in this way, since they do not react with POC}, without the addition of the neutral salt, This 
observation permits formulation of a hypothesis on the seaction mechanism of this new type of cationte 
catalysis discovered by us, according to which the ection of sodium chloride is explained by the distributioa 

throughout the reaction medium of sodium ions with the formatica of a certain, though of cource a very imig- ~ 
nificant, amount of phenolate (sodium picrate for example) which instantly reacts with the POC1, with the 
for mation of the acy) chloride of the arylphosphorie acid, In addition, naturally, the NaCl fs regenerated, and — 
the reaction cycle continues until all of the phenol is reacted, . 


The expressed hypothesis on the mechanism of the action of neutral salts Indicates that the new type Ps pee 
cationic catalysis can be extended to a series of cther reaction, The conditions required fer this must bes 
1) the first component must possess a clearly expressed acid nature; 2) the second component must be a come 
pound with a very mobile halogen atom and, moreover, must have a sufficiently high dielectric constaa— ft *. 
must be an fonizing solvent so-that the above-mentioned distribution of cations can proceed, | cf 


From this point of view, the well-known reation of carboxylic acids with thiony] chloride is of great 
interest, this reaction being the best known and a long known method fer the preparation of acyl chlorides of 
carboxylic acids [2], Indeed, the assumption hes been repeatedly expressed {3} that reaction with 
the intermediate formation of a mixed acy) chiosioes, 


RCOOH + SOC}, = RCOOSOCI + HCl, 
which is unstable and breaks down with the formation of the acyl chloride of the carbouyise acid and SO, 


The first component — the carboxylic acid — completely satisfies the stated conditions; and thionyl 
chloride is a quite reactive substance, and, its dielectric constant amply -05), is an 
solvent [4], 


Thus it was of considerable interest to determine ‘ales the reaction ot carboxylic acids with thionyl | 
chloride is catalyzed by neutral salts, This reaction interested us because certain carboxylic acids, trichloroacetic 
acid for example, react very sluggishly with SOC},, Boeseken [5] prepared the acy] chloride of trichloroacetic ~ 
acid in 20% yield by heating the acid with SOC}, for 8 hours. McMaster et al, [6] were not able to prepare 
this acy] chloride under approximately the same conditio 1 Gerrard and Thrush [3] indicated thar, upon 
boiling trichloroacetic acid with SOC}, for 12 hours, a large part of the acid was unchanged, Since trichloro- . 

. acetic acid is a very strong acid (K = 2°10" 4). it is obvious that redistribution of sodium ions between Nacl 
and trichloroacetic acid must proceed readily and,as a result of the reaction cycle 


1, RCOOH + NaCl RCOONa HCl 
2, RCOONa + SOC}, = RCOOSOCI + NaCl 
3, RCOOSOC] = RCOCI « 


the detlred ac y! chhvide test he readily oltalned, The course of the first reaction is considerably facilitated 
by the very poos solubility of HCI in boiling SOCK. 


We verified the assumptions which have been expevssed hy a stndy of the sibeetlics of the reaction of SOC}, 
with trichloroacetic (K ~ 2° 10°"), Jichloroacetic (K+ 3.3°10°"), and monochloroacctic (K + 15°10 acids, 
It bs obvious that the degree of dissociation of these actds fn SOCI, solutfon will diffes from the cited valuess 
neverthe hss, the ordce of the serics will not change. 


The experimental method was the following, The reactions were carried out at 1", which was achicved 
by the use of a special flask with a Jacket, The jacket contained cthy] alcohol, which was heated to boiling 
while the reaction was carried out. In the flask was placed the acid being Investigated (0,05 M) and a large excess 
of pure [7] SOCI, (0.25 MD. The added salt (NaCl, KCI, RUCI) was fincly ground, and, in order to guarantce rapid 
saturation of the reaction imfxture, a rather large amount (1 g) of it was uscd; since the solubility of all of these 
salts iu the system carboxylic acid thionyl chloride very low, apparently lers than 0,14, it is possible to use 
a considerably smaller amount in ¢rrrying out the reaction (see below). Reaction rates were juged by the ameunt 

of liberated SO, and — which were absorbed In an excess of 1 N NaOH, 


The results obtained are shown in Hane: 1, where 
the reaction time fs minutes Is ploticd along the 
abscissa, and the amount of libcrated SO, ¢ HCI io 
pez cent of theoretical is plotted along the ordinate, 


From the curves presented, it is scen that mono- 
chioroacetic acid reacts comparatively rapidly with 
SOC], without the addition of KC] (Curve 1); however, 

’ the reaction rate Increases with the addition of KCl 
(1¢e). Dichloroacetic acid reacts with SOC}; consider- 
ably more slowly (2), but the reaction rate Is considere 

ably Increased {n the presence of KC1(2¢). Trichlaro- 
Fig. 1. Kinetics of the reaction of chloroacetic : ms acid reacts very slowly without a catalyst (3), 

t proceeds rather energetically in the pezsence of KCI 
(3c), In order to express quantitatively the acceleration 

of the reaction by the addition of KCl, we made we 
of the fact that the ratio of the eeaction rates fs Inversely proportional to the times required ee the reactions to 
proceed to equal] per cents: Ky/Ky = ty. 


Monochloroacetic acid is 50% reacted in 35 minutes and, with the addition of KCI, in 15 minutes; 
it follows that the reaction rate constant is Lacreased 2.3 times by the addition ef KCl, In the case of dich 
acetic acid, ty = 175 minutes and t, = 40 minutes; hence, we fis.d that the rate constant Is incveased 4.4 ‘nia’ 
_ by the addition of KCL, tn the case of trichloroacetic acid, we have ue 1700 minutes and tg = 55 minutes; io 
this case, the rate constant ts increased 30 times, 


As may be seen, we have the greatest increase in reaction rate constant in the case of the strongest acid — 
trichloroacetic, This fact can be convidered as confirination of tre above-assumed mechanism of the new type 
of cationic catalyzk. On the other hand, the catalytic action of the neutral salts during the reaction of carboxylic 
‘acids with SOC}, can serve as indirect coufirmation that the unstable mixed acy} chloride RCOOSOC] {3 an Initial 
product of the reaction of carboxylic acids with SOCI,, The chlorides of different Group I clements have different 
Caiaiylic activiiics, as may be seen from Figure Z,wheie sie prcsented curves characterizing the reaction rates 
of trichloroacetic acid with SOC], without a catalyst (Curve 1), with the addition of NaC} (2), with the addition of 
KCI (3), and with the addition of RbC1 (4), The experiments were carried out exacaly as the previous ones, 


As can be seen, the most active catalyst was RbCl, Whether this depends on the different solubilities of the 
salts used in SOC! of whether it indicates different activities cf the cations {s difficult to say at .he present 
time; most probably, both factors have an effect. The effect of the amount of dissolved salt is clearly seen from 
those expeziments in which we used organic cations, Salts of quaternary ammonium bases dissolve rcadily in — 
the system carboxylic acid— SOC], We used trimethy]- 8 -bromoethylammonium bomide (bromocholine bromide). 
Upon the addition to the reaction mixture (0.CS M CCI,COOH and 0.25 M SOC1) of 0.05 g of bromocholine 
bromide, the reaction proceeded to SC fof completion in 70 minutes and with the addition of 1 g of this salt, the 


corresponding thie was 19 Naturally, fn place of the quaternary ammonium salt, a tertiary amine 

be addcd tu the rcactton mixture, the formation of the salt in solution fs guaranteed, For example, with 

the addition to the reaction mixture (of the same composition) of 0,05 g of pyridine, the wactlon proceeded to 50% 
completion 40 but with the addition g of pyridine, the reaction pro eeded to 50% of complction 

— in 7 tninutes and was conipleted in 20 minutes, Atienspts to use oxonium salts as catalysts (by the addition of 

ethyl ether to the resection mixture) were unsuccessful; apparently, the basic properties of the cation were nut 
sufficiently strong in this partheular case. Phe catalytic phenomenon described.in the present communication 
can be siccessfully used in all thore cases where the reaction of the dicarboxylic acid with SOC), procceds 
sluggishly, and particularly In the case where the acid has a high diisocflation constant,’ = an exainple, the is 
chlorlde of trichloroacetic acid was prepared by the described method, 


A mixture of 98 g of trichloroacetic acid (0.6 0, 
107 g SOCI, (0.9 NM), and 2g KCl was heated ina 
flask with a reflux condenser, (with a calcium chlor 
ide tube to preven* admission of molsture), 
bath at 80-85°, At first, vigorous evolution of a mixe 
ture of SO, and HCl was observed, which pracuically 
ceased after 7-8 hours, The cooled solution was filtered 
through a glass filter (Na, 2) to remove catcium chice- 
a ide , and was then distilled In a column, The yield of 
acy! chloride was 95 g,or 87% of theoretical, B.p. 
114-115 at mm, 


Fig. 2. Kinctics of the reaction of CC1YCOOH with 
SOC1, in the presence of NaCl, KCI, and RbCl, 
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_ 4s responsible for the mobility of the bydrogte atoms is the methylene group, 


HYDROGEN EXCHANGE REACTION oF CYCLOPENTADIENE 


Assoclate at USSRD. N. Kursanov and z. Parnes, 


The chemical properties of cutest (1) attest 10 the presence In the molecule of | two Sitesi atoms 
which differ from the others, to wit, the hydrogen atoms of the methylene group. The special mobility of these 
hydrogen atoms ds expressed In the ability of cyclopentadiene to yicld metallic derivatives by reaction with certais— 
atkall inetals and also In its ability to form Grignard reagents {1}. Cyclopentadiene enters very readily into con- 
densation reactions with ketones and alWchyves with the formation of fulvenes. It might be expected that the 


special nature of the two hydrogen atoins of the a ae group of cycsopentadiene would aso find ee: 
in hydrogen exchange reactions, 


We decided tw investigate the mobility of the hydrogen atoms in cyclopertadiene, using for this purpose 
the hydrogen exchange reaction with oxide in presence of an alkaline catalysts 
pytidonimine, 


It was shown that, sot two, but all six hydrogen atoms of cyclopentadiene enter inio the hydrogen exchange 
reaction with deuterium oxide in dioxane solution under extremely mild conditiors, 


This indicates that the special propezties of the methylene-group hydrogens .-re not in the 
exchange reaction, It should be noted that exchange equillbrlum was attained after approximately 20 hours at | 
29°; fe,, under the same conditions under which even hydrogen atoms conjugated with a carbonyl group, ja 
aldchydes and ketones for example, practically do not enter into nydrogen exchange reactions, 


In order to investigate which grouping was for the of all six hyérogen atoms, we 
studied the hydrogen exchange of ai a. (1D and pyrrole (D0, a 


This study showed that even under severe conditions (19 hours at 50° ¢ 20 hours at 20°), sylvan exhibited | 
practically no exchange and pyrrole exchanged only the one hydrogen joined to the nitrogen, Our data on the - 
ability of pyrrole to undergo H-D exchange agree with the results of the work of Xolzumi and'Titanl 2}, 
However, we were not abJe to use thelr data directly, because the Japanese their 
mente under conditions different from ours, 


The inability of hydrogen atoms in the CH-groups of sidan and pyrrole to exchange shows hus in ope 
pentadiene, which contains, just zs do sylvan and pynvile, the grouping -CH = CH— = » the which 


The increased mobility of the hydrogen atoms of the methylene group fs usually isigtained by the Scahugee 
tion of its C-H bonds with the two neighboring bonds of the cyclopentadiene ring. Although this consideration 
c2n explain the mobility of only two, but not of all six, hydrogen atoms, we Investigated the hydrogen exchange 
reaction of cycloheptauiene, a molecule which also has a methylene group conjugated with two — 


- ethylenic bonds (IV). 


It was shown » however, that, under the same conditions under which all six hydrogen atoms of cyclopentadiene 
exchange with deuterium oxide, cyclopentadicne did not enters {nto the exchange 


Consequently, it ts necesazy | to scarch for another explanation of the ability af th =— atome of 
_eyclopcntadicne to exchanges 


TABLE 2 
Results of experiments Carricd Out at 20° for 22 Hours 


Substance Calculated | Experi- 
for exchange |mental, 
of all H, y/ccly/ce 


“Cyclopentadiene | 5190 4850 
Cycloheptatriene 3140 25 
_. Ferrocene 23580 323 


2) 
Results of Experiments Carried Out at 50° (10 jhours) + 20° (20 hours) 


Substance Calculated y/ce 
for exchange of Sanh 


1H AUH 


Pyrole 

Sylvan 
Ferrocene 
Cyclopentadiene 


_ © & exchange from values calculated for one hydrogen atorn. 


In 1931, Huckel (33, using the molecular orbital method, showed theoretically that the cyclic grouping : 
_ of five CH-groups must have stability and aromaticity in the case of an anion (v). The cyclic — of 
seven CH- must have and ifitisa cation (vD. 


. Further, these conclusions have received experimental confirmation, particularly in the work of Doering - 
on the synthesis of tropylium salts [4], and also in investigations of ferrocene and its analogs stir asa —, 
_of which the aromatic nature of these compounds was established, - 


Let us consider the hydrogen exchange reaction of cyclopentadiene from the aia of view of these concepts. 


- The first step in the reaction {s the splitting off of a proton from the methylene group by the action of a 


base (5), which, in ou case, was N,N*-dimethylpyridonimine, This reaction is facilitated by 
aromatic stabilization of the anion which 


2038 65 se 


+0,0 p+ DHO 


The newty formed base the cyclopentadieny! auton reacts with BD" (or Ds) with the of 
denterocyclopentadicne and the base B (or OD ). 


Much repetition of the steps establishing acid-base equilibrium [Equations (1) and (2)] will lead to the ex- 
exchange of all six hydrogen atoms of cyclopentadiene only under the indispensible condition that the negative . 
charge of the cyclopentadieny! anion Is not located at any one specific carbon atom, 


If the base B fs absent, the first step of Reaction (1) will not proceed, and,consequently, hydrogen exchange 
by cyclopentadiene does not proceed, Indecd, experiments showed that cyclopentadiene does not enter into hyéro- 
gen exchange reaction in elther a weakly acid or a neutral medium (Table 3). 


TABLE $ According to the calculations of Huckel [3], In the 
Results of Experiments on Hydrogen Exchange by case of cycloheptatricne the formation of a cyclobcptatle 
Cyclopentadicne In Neutral and Acid Medium enyl anion must be considered highly improbable. As 
(2u°, 22 Hours) a consequence of this, the hydrogen eachange reaction 
does not proceed, 


Medium {Calculated y/ce for ex- Experi 


change of mental We do not see a possibility of interpreting our 
oH 6H y/ee data otherwise than from the point of view of Hickel’s 
: concept, according to which the cyclopentadieny] 
anion has an aromatic nature and its negative wee. 
Neutral se " §s not localized at any one carbon, 
19% H,SO, 10 


15% H,SO In connection with the above, it seermed interesting 
to us to investigate also the ability of ferrocen: (VID 
to exchange, It was shown that ferrocene practically 
does not enter into a hydrogen exchange reaction, In 
this case, if the bond of the atom of fron with the 
cyclopentadiene residue were purely lonic, it would be 


expected that ferrocene would entex into a 
exchange reaction, The shecncs of exchange shane that this bond must be considered covzlent, . 


EXPERIMENTAL 


The analyses for devterlum content were carried out by R. G. Kononova. 


The experiinents were catried out using the materials in the following ratios; 9 1 mole of substance, 
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1 g of DO, and 0,1 g of dinicthy!pyridoniimine, Purified dloxane was added to the mixture to a total volume of 

50 mk After the experiment, the Investigated substance was separated, purified by dist{Mation ot crystallization, 
and burned, The excess density of the water of combustion, purifled by the usual tnethod, was then measured by 

the float incthod, The cyc lopeatadions used in the eS was prepared by-depolymerization of the dimer 

and had a of 41-42"; 051 1.4448, 


At the conclusioa of an experiment. the wat distilled off under vacuum (80 mm) and 
collected in a trap cooied with Iquid nitrogen, it was éricd over and distilled at 
fractkoa boiling at 41-43° being collected, 


The cycloheptatriene was kindly presented to us by M BE Volpin, to whom we express our appreciation, 
The cycloheptatrine used In the experiments contained 9% toluene. p, 113,1-113.3° (735. mm); 1.5192, 
The absence of hydrogen exchange by the toluene was confirmed by a special experiment, At the conclusion 
of the experiment on hydrogen exchange by cycloheptatricne, pentane and cold water were added to the solution, 
The ve ied was ace dried, the _— distilled off, and the cycloheptatriene distilled, 


- 
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PREPARATION OF £$iERS AND HY DROXYKETONES BY ACTLATION oF Be) 
ALUMINUM PIENOLATES AND ARYL BORATES 


v. K. and L, P, 
by Academician S, 1, Volfkovich, February 18, 1956) 


In the present work. we prepared aroinatic csters of carbone. acids cf aluminum phenols 
with equivalent amounts of acyl chloride: 


3RCOCI + (As0),A1 3ROOOAL 
Phenyl acetate, phenyl benzoate, and p-cresy! benzoate were prepared in ylelds close to theoretical, (2 


The reaction procesds at watcr-bath temperature, Heating to 16u* Jeads to rearrangement of part of the 
ester into the hydroxyketone; evidently, dve to aluminum chloride formed in the course of the reaction, ure Fries — 
seaction occurs [1}, The aluminum phenolates were prepared im quantitative yield by dissolving aluminum turao- 
ings in the appropriate phenol [2], This means of preparing aromatic esters is satisfactory as a preparative crane! 


If a mixture of an aluminum phenolate and an acy] chloride {s heated until solution takes place, thea” 
treated with aluminum chloride, and again heated, then instead of the ester, a hydroxyketone is obtained in 
good yield, For example, 2-hydroxy-5-methyibenzopherone Is obtained in almost quanutative yields 


The course of the resction differs from the Fries reaction, The total amount of aluminum chloride in our ¢ 
srethod of synthesis is 0.83-0.73, and even 0.5, mole per mole of acy! chloride (additionally, it fs possible that 
1/3 mole is formed in the reaction), which fs less than In the Fries reaction,which requires 1.2-1.3, ard sometimes 
up to 2, moles of aluminum chloride per mole of ester [3,4]. Further, when carrying out the Fries reaction with . 
pheny! acetate in benzene, much acetophenone is obtained; i.e., the benzene acts as one of the reagents [SL 
We found that acetylation of alyminum phenolate by acetyl chloride takes place successfully In benzene; o- and Pr 
hydroxyacetophenone are obtainedin good yieid (S57), and there is absolutely no acciopienone fo-med; Le, “ 
: _° the benzene docs not enter into the reaction, We also note that ratios of ene ee obtained in ow reactioa 
frequently differ from the ratios obtained in Fries reactions. 


It {s noteworthy that sometimes the quantity of aluminum chioride is less than equimolar with respect to 
the acy] chloride (and to the hydroxyketone obtained), for example, in the preparation of hydroxybenzophenones, 
It is possible that direct acylation of the aluminum phenolate occurs, It is understood that the sraaseaag is not 
excluded that the reaction partially proceeds through the ester stage, - 


: Attempts to prepare hydroxyketones with smaller amounts of aluminum chloride did not yield positive 
results; a mixture of hydroxyketone an¢ ester was obtained, 
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Ou acylatioa with chloride of an anslog of aluminum phenylate — triphenyl borate phenyl 
benzoate was odtzined in a yicld of 754%, By acylation of tri-p-cresy] borate with benzoyl chloride in the 
presence of 1.33 inolcs of aluminum chloride (per mole of acy! — the corresponding eaiaasteegtngd 
methylbenzophenone, was obtained (807%). 


EXPERIMENTAL 


The experiments were casried out in a three-necked flask fitted with a wien a reflux oe 
dropping fuanel, and a thermometer, — 


Preparation of Esters 


Phenyl benzoate, Toa supeniton of 30.6 g (0.1 mole) of aluminum phenolate in 50 ml of benzene was — 
added dropwise over a 30-minute period 42,2 g (0.3 molc) of benzoyl chloride, The flask was then heated 
_ for 30 minutes on a water bath, the phenolate going into solution, The mixture was allowed to stand for a 
day, after which, with water cooling, 200 ml of 87: hydrochloric acid, not above 30°, ‘was added dropwise, Bt 
was then heated for-10 minutes on a water bath and cooled, That part of the phenyl benzoate which had pre- 
cipitated was filtered, and the benzene layer was separated and the benzene distilled off; the residve was 
Phenyl benzoace; the product was dijed In air; the yield was 58 g (98% of theoretical); m.p. 69° (from alcohol), 


prCresy] benzoate, This ester was prepared similarly, but withoct a solvent, from 34.8 g (0.1 mole) 
of aluminum p-cresylate ate and 8 (0.3 mole) of chloride, The was mp. 71°. 
(from alcoho, 


scetzte, To 20.6 g (0.1 mote) of phenolate in 50 of diy benzene was added 
wise over a 1.5-hour period 23, 6 g (0.3 mole) of acetyl chloride, Fucther treatment was the sane 3s curing the | 
preparation of benzoate; the product was punfied dy distillation, The was 34,3 8 (847); 

b.p. 195-197; 074) 1.5093, 


iM. of Hydroxyketones 


Hydroxyoenzepucaones, 30.6 g (0.1 mole) of aluminum phenclate and 342.2 g (0.3 mole) of benzoyl 

chloride were hcated 30 minutes on a water bath, 33,4 g (0.25 molc) of freshly sublimed aluminum chloride 

- was introduced into the flask, and the contents were heated for 30 minutes on a sand bath to 160-370°, 200ml 
ef 8&7: hydrochione acid was added dropwise while cooling, and the mixture was then heated 10 minutes to 
boiling; the misture was cooled, and the orange precipitate of a mixture of hydroxybenzophesones was fil- 
tered and dried in air; the weight was 59 g (quantitative yield), m.p, 110-112°, o-Hydroxybenzophenone was 
distilled from this mixture with superhested steam, extracted with ether, dried, and distilled, 13 g (22%) of 
o- hydroxybenzophenone was obtained; m.p. 39 (from alcohol); m.p. of the 2,4- -dinttrophenylhydrazone, 
249-249,S° [61 After the sieam distillation, 41.2 g (69.47) of p-hydroxybenzophenone remained in the flask; 
m.p. 135° (from alcohol), which agrees with the Jiterature data (7), If the amount of aluminum chloride is 

_ teduced to 29 g (0.15 mole), 16.8 g (23.9%) of o- and 37 g (62,27) of p-hydroxybenzophenone are obrained, . 


2-Hy droxy-5-methylbenzophenone, This compound was prepared from aluminum p-ercsylate using a 
procedure completely analogous to .hat used for the preparation of hydroxybenzophenone, The yield was 61 g 
(96%); after distillation with superheated steam, the — was 55.5 8 (87.34). ~ 83- 84° (from =e 
which agrees with the iiterature data [1} 


Hycroxyacetophenones, 33.4 g (0.25 moic) of aluminum chloride was into a of 

30.6 g (9.1 mole) of aluminum phenoiate in 35 mi of benzene, and 23,7 (8.3 of acciy! was 
then added dropwise over a 6-hour period. The mixture stood for 15 hours and war then heated 2 hours ona | 
water bath, On cooling to 20-30°, the mixture was hydrolyzed by adding dropwise 200 ml cf 87: hydrochloric 
acid and then heating to boiling. On cooling, a benzene and a water layer separated, and the water layer 

_ Was twice ¢>tracted with 15 ml of benzene, The combined benzene solutions were extracted with 15 times 

with 34 KOH, The alkaline extract was acidified with hydrochloric acid, and the o-hydroxyacetophenone 

Was steam Gistilled, The distillate was extracted with ether, dried over MgSO,, and distilled; the fraction 
boiling at 74-76°/2 mm was collected; 12 g (29.4% of theoretical) was obtained; np 1.5612; m.p. of the 
semicarbavone was 209°, which agrees with the literature data [81, The hot solution remaining afierthe 
steam distillation was {altered and cooled; 20.8 g of p-hydroxyacetophenone crystallized, In addition, 3,1 g 


| 
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; 
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was extracted with ether frorn the mother Hquor for a total yield of 23.9 g (58.7.); in.p. 109°; m.p. of the 
semicarbazone 199°, which corresponds with, the Hterature data [9], The total yield of o- and p-hydroxyaceto- 
phenones was 68,1%, 


2-Hydioxy-5-methylacetophenone, 23.6 g (0.3 mole) of seas chloride and 34,8 g (0,1 mole) of 
aluminum p-cresylate were heated for 30 minutes on a water bath, 33,4 g (0.25 mole) of aluminum chloride 
was Introduced, and the mixture was heated 20minutes at 160- -170°, after which the usual separaticns were 
made, The yield was 40 g (88.97); 35.8 g (79.67) after steam distillation; m.p. 49° Bora: igroin), which 
agrees with the Hterature data {8}. . 


2-Hydroxy- $- methyl proplophenone, This compound was prepared 34.8 g (0.1 of aluminum 
p-cresylate, 27.9 g (0.3 mole) of propiony] chloride, and 20 g (0.15 mole) of sluminum chlaide, The conditions 
were the same as in the preceding experiment, The yield was 40.4 g (82.1%); it boiled at 94-100°/2 mm, and 
at 115-117°5 mm on redistillation; 1.5480; in.p. of the semicarbazone 211%, which agrees with the 
literature data 


2--Hydroxy-5- methyIbutyrophenone, This compound was prepared to the 
an equivalent amount (32 g) of butyryl chloride and 29.4 g (0.22 mole) of aluminum chloride, The yield 
was 45 g (84.3 9); m.p. 33° (from methanol); semicasbazone m.p. aoe which agrees with the terature ar 
{10}, 


from tri-p-cresy! borate, g (0.1 mole) of borate 
and 42,2 g (0.3 mole) of benzoyl chloride were heated 3 minutes on a water bath, cooled, 53,4 g (0.4 mole) - 
of aluminum chloride was introduced, and the mixture maintained at 150-170° for 1.5 hours, Further treatment 
was as in the ne from aluminum p- eames! The yield was 51 g (80%). 
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EXHAUSTIVE CLEAVAGE OF THE HUMIC ACIDS OF PULVERULENT LIGNITE 
BY METALLIC SODIUM IN LIQUID AMMONIA = = 


T. A. Kukharenko and T. E, Vvedenskaya 


(Presented by Academician A, V, Topchicv, November 11, 1955) . 


It has previously been shown by us that the humic stile of solid fuck: react with metallic sodium in liquid ah 
ammonia During this reaction, along with the solid residue which retains the properties of the humic acids, 
there are formed ow molecular, cther-soluble products, and also water-soluble coinpounds, which are separable 
into fulvic acids and hydrocarbons, The mechanism of this reaction, by analogy with the reaction of lignin (2), 
is chiefly a splitting of the ether bends between the basic structuza!l Mnks fn the molecules of the humic acids, 

By singie cleavage of dificrent humic acids it was found that the numbex of ether bonds Jn the molecules cf the — 
humic acids of the coal decreased on passage from samples of lower stages of carbon seer st: to — C2: 
highes stages, 


TABLE 1 
The Course of Successive el of Humic Acids by Metallic Sodium in Leone’ 
Ammonia 


Yield of solid 
residue 


Yield of solid 
residue 


No. of 
experiments 
Humic acids 


No. 

cleavage 
periments 
Amount of | 


Cleavage 
humic acids 
org. sub) | 
cleavage 
and los 


> 


30 


nT 


That ether bonds are chiefly asic bonds in the molecules of humic acids and are not found in the peripheral 
part fs subvtantiated by observation of the course of successive cleavage of the same sample of humic acids, 
In the present work, repeated cleavage of the humic acids® of pulverulent lignite cf the Babaevo formation was 
carried out with metallic sedfum under the indicated conditions, In Table 1 are presented the data on the yield 
of solid residues from 14 successive cleavages, From these data it follows that the solid residve not entering 
into the. preceding reaction with sodium reacts during succeeding treatments down to complete cleavage, The. 
per cent cleavage exhitits a certain variation, but a tendency toward Jecrease is not observed, The products 
formed during successive treatments have similar properties, 


The solid residucs obtained during successive cleavage were investigated, In Table 2 are presented the 


_ * The sample was the water- and ether-insoluble part of the humic acids, which is relatable, according to the 
Oden classification, to humic acid, 
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| 20.56 | 87.00 
| 14.49 | 88.73 
40.25 | 87.38 
7.49 | 93.89 | 
3.96 | 81.99 
218} (5.44 | 

| 

| 

| | | 

| | 


elemental compositions of the solid residuca and the content of active actd groups, The data of this table show 

that the solid rest{dues of the succetsive cleavage of humle acids by metalle sodium have compositions approx- 

imating that of the original actds, At the same the, 10 specific regularity was noted In the varfations in 

elemental composition, The content in the residues of phenolic hydroxyls was somewhat lower and that of carboxyl 
groups waa higher than §a the original acids, - 


The similarity In composition of the original humic 
acids and the solid residues from cleavage is alo con- 
firmed by optical density valucs of 0.02% alkaline sol- 
uuions of each, As secn from Figure 1, the optical 
density, for light of various wave lengths, of the original 
humic acids and those of the solid residues from succes- 

sive cleavages practically Me on one curve, 


The same thing follows from Figure 2, where are 
_ presented the viscosities at a temperature of 20° of 
different concentrations of solid residues from the cleavage 
- of humic acids, The viscosity §s the same for all pre- 
parations at the lower concentrations and decreises 
ae somewhat with increasing concentration of resic ues from 
228 “ES 69 530005465 mp succeeding the fire, 
¥ | The stability toward the coagulating action of 
barium chloride, which charactesizes the degree of dis- 
persion of the humic acids, fs alse practically the same, 
This can be seen fromm the data of Table 2, where are 
presented the coagulation thresholds with respect to 
barlum chloride of the osiginal humic acids aad of the 
solid residues from the cleavages, 


X-ray sists also indicated the sivellarity of the original humic acids and the solid cleavage residues; 


Fig. 1. Optical density of alkaline solutions of the 
solid residues of the successive cleavage of humic 
acids by metallic sodium, 


the of both were similar L, Razumova), 


TABLE 2 
‘Compositions of Solid Restdves from of Humic Acids by 
Metallic Sodium 


Elemental Content of active acid Properties of 0.02% 
Sample composition, —_|sroups, mg.eqv./g alkaline solutioa 
(Cleavage No) |. jopiical [eoagula- 


Original humie 
— 


* 
a 
oo 
a 


Re 

| 


Thus, all of the data presented indicate the similarity 
fn composition and propertics of the initial humic acids 
and the residues from successive cleavage by metallic 
sodiuin in Maquid ammonfa down to complete decompo- - 
sition, and the data also Indicate the constancy of the 
percentage of cleavage, The data presented confirm 
the previously made assumption concerning the mechanism 
of this process as a reaction proceeding mainly by 
cleavage of ether bonds, which are the basic type off 
structural inks in the molecule, The reaction proceeds 
like a typical heterogeneous rcaction characteristic of | 
high motecular organic compounds with unequal eT 
pation of the individual molecules, 


concentration Institute of Fuel Minerals 
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Fig. 2, Variation with concentration of the viscosity vs ¥ 
of alkaline solutions of the solid residues from suc Recelved i 
cessive cleavages of humic acids, November 10,1955 
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A STUDY OF CUMENE CRACKING OVER DEUTERATED SILICA-ALUMINA CATALYST | 


G. M. Panchenkov, Z. V. Gryaznova and V. M. Emelyanove 
(Presented by Academician B, A, Kazamky, January 3, 1956) 


" The majority of investigators working on the study of silica-alumina catalysts connect the activity of these 
catalysts with the presence of hydrogen fons in them, Therefore, it seemed expedient to substitute deuter.um 
fons for the hydrogen fons of the catalyst and to study Its behavior {In the rezction, tt was necessary to use & 
well-studied reaction for this purpose, The reaction selected was that of cumene cracking [1-4} 


The basic cracking reaction can Se represented thus: 
+ CH, = CH- CH, 


The kinctics of this reaction, as has been shown in [1,2, are described the equatlons 


where k = k*Sg, k* being the true reaction rate constant; Sq is the surface of ee catalyst per unit of bed depth; ng | 
{is the number of moles of the original material [feed] entering the reaction zone per unit time; b fs the adsorp- 
tion coefficient of the feed material; B = I(vb,), the sum of the products of the adsorption coefficients and the 
stoichiometric coefficients for the cracked products which {Inhibit the process; 1 Is the — bed depth; x is 

the quantity of reacted material in relative units, ; 


The exchange of hydrogen by cumene and its cracking products, benzene and propylene, both separately 
and in equimolar mixtures of benzene and Be < pes was studied by us with — to its dependence on wee 
rate and reaction 


Thiee catalysts were used in the work: pure aluminum oxide, silica gel, anda sillcs<aedias catslyst : 
having the composition 32,75 % Al,O3 and 67.25% SiO,, = which was prepared from the same gels from wih the 
Al,Og and the silica ge] were prepared, The silica-alumina catalyst was prepared by mixing silicic acid and 
aluminum hydroxide hydrogeis,using the method developed by G. M, Panchenkov and K, V. Topchiceva [8], The 
catalyst contained 190 m-equiv. D per 100 g of catalyst, which was close to the maximum deuterium content 
obtainable by exchange of hydrogens of the catalyst for the deuterium of heavy water under the conditions of our 
experiments, The cumene was prepared from technical cumene which was purified by boiling for three hours 

- over metallic sodium and then distilling am a Favorsky flask, The fraction collected A tans in the range 149.5 
150,5° and had an index of refraction of n5 1.4919 (according to the literatuze data, nD 1.4920 [S). For 
further purification, the cumene was distilled in a column of 33 monnetics 1 plates; raph this did not change 
the refractive index, 


The catalytic cracking of the cumene is canted’ ont by the flow method in a quartz apparatus, The appar- 
“atus consisted of a catalyst tube with nichrome-wire winding, this tube being Jocated in a quartz tube of greater 
diameter fn order to reduce heat.losses. The reactor temperature was measured by means of a chrome]-alumel 
thermocouple inserted in a thermowell which was disposed along the axis of "hc reactor, The temperatwe of the 
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furnace was regulated by an autotransformer, Variations tn furnace temperature along the length of the catalya 
did not exceed t*, The cumene was automatically fed 10 the — catalyst tube by means synchronows motor 
and a mouical syringe, 


Silica-alumina catalyst In an amodnt of 11.2 (25 was mixed with quartz to reduce the resistance 
of the catalyst bed and charged {ato the reaction, After a run, the catalyst was regencrated by passing dry alr through 
ft at a temperature of 500-550°, The reaction products ware condensed In a condenser and collected In a Favorsky 
flask connected to the reactor by means of ground Joints, Gaseous reaction products from the Favorsky flask passed 
into another condenser and were coliécted in a cudfometer, At the end of a run, the Favorsky flask,together with 
the second condenser, was disconnected from the apparatus, The flask was covered with a ground cover having a — 
hook for suspension of a thermometer, and the Hquid fraction was distilled, fractions bofling in the ranges 75-85° 
and 148-152° being collected, All parts of the apparatus were connected with each other by means of ground 


TABLE 2 Analysfs of the gases formed fn the reaction was 
Cumene Cracking and ‘esdkses by Cumene and Its _carfed out in a VTI°apparatus, Combustion of the res 
- Cracking Products in This Process at 450° action products (benzene, cumene, and propylene) was 
earicd out over coppar oxide in a quartz apparatus, 
Water for analysis was purified by passage over copper 
Excess density of combustion oxide at a temperature of 700°, and then in quartz 
watet,y apparatus for the purification of small amounts of waiter 
eddies : {10}, Analysis of the water for excess density was 
out by the densimetie method (11), The excess 
density of the water was calculated from the formula 
4d = adt in units of y, where At is the difference fn 
ternperature of flotation € ~uilibrium in excess-density 
Water and in standard water, a is the change in the 
density of water per degree, Between 20 and 30°, 
@ = 257 ¢ 9.6 {t— 25), The standard water was prepared 
by the usual method, Every dish used in the work was 
made of quartz, 


ve Owing to the small amount of water analyzed, the 
Satter had to be diluted, Since the welghings were 
__Yelume of material ‘carried out on analytical scales having an accuracy of 
volume of catalyst* hour # 0.0001 g, the accuracy of the analyses was within 1 


‘to The experimental results a are 
Tables 1,2, and 3. 


That the per cent cumene conversion in the reaction did not depend on space rate (Table 1) Gilicanes 
that a stare of chemical equilittium was attained in all cases, Therimodynamic calculations completely confirm 
this, Indeed, the per cent cumene conversion at equilibrium is very close to the results ot 1fned by us, The smail 
variations in per cent cumene conversion at the different rates are explained by experimental error and the ability 
of the catalyst to *develop®? in the course of the work, In order to get out of the equilibrium region, it was 
necessary to increase the cumenc feed rate, However, as seen from Table 1, this cannot be era, since the hydro- - 
gen exchange reaction completely ceases with an increase in rate above 0.264, 


Ir follows from Tab)e 2 that the reaction rate for hydrogen exchange between catalyse and iydrocarbens 
fn the cracking process In the range 500 to 350° depends very little on temperarwe, 


The results obtained during the investigation of the exchange of hydrogen of benzene, propylene, and thelr 
equimolar mixtures for the deuterium of the catalyst-are presented in Table 3, The benzene and propylene were 
_ fed to the catalyst at rates close to those at which they passed through the catalyst in the cumene cracking ¢ OLOCCSS. 


From Table 3 ft is apparent that the amount of hydrogen exchanged by the reaction products from cumene 


cracking over deuterated catalyst was close to amount during of pure and 
over deutcrated catalyst, 
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TABLE 2 
Cumene Cracking and of Between the Sub- 
stances and Catalyst in This Process at Varlous Temperatures 


Temperay Space | %cumene Excess density of comburtioa 
twe, °C |rate onversion | Water. y 
from ; 

acking ~ j¢umene |propylene 


66 
70 
63 
30 
24 


TABLE 3 


Exchange of H ydrogens of the Products of pens Coaching 
for Deuterium of the Catalyst at 450° 


Substance "Space Excess density of 
rate hour the combustion 
water, y 


passed over Obtained from cracke 
deuterated ing cumene over 
catalyst Heuterated catalyst 


Benzene 4355 1343 
Propylene 2183 
Equimolar mixture of 12 
benzene and propyl- 
ene | 
Equimolar mixture of s $80 
benzene and propyl- 
620 


Considering the results obtained during the study of cumerie cracking over deuterated catalyst, it is possible 
to come to the conclusion that hydrogen exchange for deuterium by cumene and its cracking products is an indepen- 
dent reaction proceeding independently from the cumene cracking reaction. That with an approximately two-fold 
rah in the cumene feed rate (from 9.130 to 0.254 volumes of material volume of catalyst/ hour) the exchange 


scaciion practically dies out while the per cent cumene coaversion resulting from the cracking of cumene remains 
constant, as seen from Table 1, confirms the independence of the hydrogen exchange reaction, 


Cracking does not occur over deuterated aluminum oxide with a content of 145 — Seri when footing ~ 
cumene at a space rete of 0.13 and at a temperature of 450°, but exchange does take place, The excess density of 
the water obtained after combustion of cumene passed over deuterated aluminum oxide catalyst at the indicated 
conditions was 500 y. After passing cumene over the catalyst, the activity of the aluminum oxide was a by. ss 
— of ethyl alcohol, which indicated a high activity for the aluminum oxide, 
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Over deuterated silica gel at a temperature of 450° and ata space rate of 9,13, neither cumene cracking 
nor exchange of the hydrogen of cumene for deuterium of the catalyst was observed, 
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INTERCONVERSIONS OF DIPEPTIDES AND THEIR ANHYDRIDES 


T. Poroshtn, T. D. Kozasrenko and Yu. I. Khurgia 
(Presented by Academician V. A. Kargin, December 28,1955) ° 

The presence of cyclic structures both in the products of albumin hydrolysis asd in the products of the 

| polycondensation of esters of a-amino acids, and sometimes also formed in the polymerization of anhydrides 

of N-carboxy-a-amino acids, lends ccnsiderable <ignificance to the study of the interconversions of pepides, 

particularly dipeptides, and diketopiperazines. There are indications in the literature as to the relative ease 

of hy¢rolysis of diketopiperazines [1]. Fischer showed that hydrolysis of one of the peptide bonds of diketopipera- _ 

zines proceeds readily in a strongly alkaline medium with the formation, after the addition of water, of the 

corresponding dipeptides, On the other hand, N. D, Zelinsky and N. L Gawilov [2), during an investigation 

of the compczition of the products of autoclave hydrolysis of albumins by various acids, discovered that it fs 

po:tible for: anhydride formation to occur in a number of dipeptides. Brig], Abderhalgen and Komm, and Ludke _ 

[3} also found diketopiperazines after heating glycylglycine, dl-leucylglycine, and other dipeprides in an acid 

medium, Certain dipeptide derivatives undergo analogous transformations under milder: conditions, Estersof 

dipeptides are comparatively readily converted into diketop{perazines [4}. This reaction fs also observed in the % 

course of the polycondensation of esters of a-amino acids, which imparts to it special significance, Huang | 


and Nieman [5] also observed the formation of diketopiperazines upon warming primary amides of conals 
dipeptides in aqueous or methanol media, s 


Up to .he present, no attention has been given to the possibility of the interconvertion of dipeptides and 
their anhydrides in alkaline and neutral media, In studying polycondensation reactions of esters of a-amino 
acids, we alo observed the absence of quantitative data on the behavice of dipeptides and diketopiperazines 
in an alkaline medium, Furthermore, this wancforination is of special interest, since csters of a-amino acids 
are materials having a basic nature, It should also be kept in mind that interconversion reactions occur cleanly 
in an alkaline medium, since these reactions are not accompanied by hydrolysis of the dipeptides to —— 
acids, a reaction which is olserved in an acid medium, 


In connection with this, first of all we studied the stability of diketopiperazines in alkaline medium as 
a function of the hydrogen ion concentration, In addition to this, the kinetics of the alkaline hydrolysis of 
| diketopiperazines and the behavior of dipeptides in alkaline and neutral media were studied. All experiments 
were carsied out at a temperature of 40°, that is, under those conditions under which we had carried out poly- 
condensation reactions [6}, 


The determination of the amount of linear and of cyclic structures was carried out, as before [7], by 
means of the content of amine nitrogen and ako by the so-called *copper® method, that is, by the determina- 
tion of the amount of copper bound by dipeptides in the form of a biuret complex. In those cases where the 
solutions investigated had an insufficient concenuation of alkali for the complete formation of the complex 
(83, the required amount of a concentrated solution of alkali was added, and titration was camied out at a 
reduced temperature. Hydrolysis of the diketcpiperazines was not nares during the time required for the titra- _ 
tion (about 1 minute), ~ 


dl-Alanylalanine anhydride. The products of the. of the ester of were 
used for the preparation of alanylalanine anhydride, since, as is well known, these products contain considerable 


amounts of the diketopiperazine [6,7]. The wig patos was obtained according to Frankel and Katchaisky [93] 
by volatilization (140° 10° mm), 
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In 0.1 N NaOH at @ temperature of 49°, hydrolysis 
of the dikctoptperazine fs practically complete fn aprroxe 
imately 1.5 hours, The course of the hydrolysis of the 
diketopiperazine In shown in Figure 1,3. The points 
on the graph represent the results of some measurements, 
by the *copper® method, of the amounts of dipeptides 
forincd during the course of the alkaline hydrolysis of 

_ the diketopiperazine. The course of the hydrolysis of 
diketopiperazine with tlme shows that this reaction is 
first order. The reaction rate constant for the hydrolysis 
@ the alanine diketopiperazine in alkaline medium fs 
K = 2,56°107*, on the basis of which was calculated the 
‘Fle 1. Course of the. hydrolysis of anhydrides. » d+ = ‘theoretical curve 1 in Figure 1, The reaction rate did 
Alanine, 2 glycine, N) extent of sea ago in 0.1 No not change with a decrease in pHi, ahhough complete 
NaOH at 40° A) Ming : | _ + hydrolysis of the diketopiperazine was not observed, 
“In connection with this, the dependence of the extent 
measured, 


In Figure 2 are the obtained 
values of the extent of hydrolysis at various values of 
pH. These results correspond to the amount of diketo- 

piperazines, measured by the *copper® method and also 
by the Increase in amine nitrogen, through a 2-uour 
n= period after initiation of the reaction, that is, uptoa 

9 time at which it was practically complete, Accurately 
pa ttsated solutions of NaOH and borate buffer solutions 
were used for the measurements, The variation in the 
Fig. 2, Variation in the extent of the hydrolysis extent of hydrolysis with pH followed rather accurately | 
of alanylalanine anhydride with PH N) extent of | the law of mass action for the reaction. 
: 


hydrolysis constant Ke = fH ich, for the alanine to a pK, of 12,0, 
[diketopiperazine) 


Glycylglycine anhydride, The glycylglycine anhydride was prepared according to Fischer 0}. Hydrolyas 
of the glycine diketopiperazine in alkaline medium at a temperature of 40° was concluded In the first hour of the 
reaction (Figure 1,2). As in the case of the alanine eo . aie of the diketopiperazine is a first order 
reaction, The rate constaat for this reaction was 9,63° 2074 - In Figure 3,1, are presented the results of ex- 
peliments studying the variation in the extent of hydrolysis of jaihitoptpemaine with pH (at 40°). The experiment- 
_ally obtained values of the extent of hydrolysis Me close to the theoretical curve calculated on the basis of the 
jaw of mass action using 10.8 for the hydrolysis constant, pKy. : 


Further, the possibility of the reverse formation of diketopiperazines in a solution of glycylglycine at various 
pH vehucs was investigated, The first experiments showed that, even in alkaline solutioa, bonding of the arnine 
nitrogen and a decrease in the amount of bound copper according to the "copper" method takes place in a solution 
of glycylglycine. The experiments were carried out at 40° in solutions of NaOH and in borate and phosphate buffer 
solutions within the pH limits of 7.0 to 13,0, Bonding of the amine nitrogen was dependent on the formatioa of 
diketopiperazines, and not on the emergence of longer peptides, as was established by the differential spectro- 
photometric method [8], Additlonal proof of the formation of anhydrides was obtained by identification of the . 
seaction — by paper electrophoresis, 


4 


- An investigation of the kinctics of the formae 
‘on of glycylglycine anhydelés showed that this 
reactica fs of not Jess than sccond order, However, 
in addition to this, the course of the reaction. {s some 
what unusual, since there {s an induction period 
of the order of 30 minutes, The amount of anhydeides — 
obtained Is sigofficantly less than the amount of 
hydrolyzed dikctoplperazines at the sane pH values, 
At a pH of than 10 (where the diketopiperazine 
{is not hydrolyzed), the glycylglycine In the solution 
after standing for more than 1.5 hours (conclusion of 
the reaction) at 40° has formed anhydride to 

: the extent of ~25%, A similar extent of anhydride © 


. Fig. 3. Variation, with pH, of the extent of hydrolysis formation is observed even in water and jn buffered — 


of glycylglycine anhydride (1) and of the decrease in solutions having a pH of 7, The dependence of the 
the amount of slycylglycine (2. extent of anhydride formation on pH (Figure 3,2 

conforms to the law of mass action, Thus, intsz- - _- 
conversion of dipeptide and diketop{perazine was although it Is oaly partially reversible, 
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SYNTHESIS OF ORGANOSILICON COMPOUNDS OF THE TYPE OF mm 
BIS(TETRAALKYLDISILANEMETHANE)CYCLODIOXIDE 


Academician A. V. Topchiev, N. S. Nametkin and L, & Povarov 


In previous communications [1-3] we descrived the synthesis of compounds with siloxane-carbon Links 
on the basis of one of the products of the reaction of methylene chloride with silicon-pentachlorodisilanemethane, 


N, S. Nametkin, A. V. Topchliev and O. P, Solovova [4] showed that the reaction of methylene chloride with 
silicon alo results in the formation of tetrachlorodisilanemethane, for which two fsomeric farmulas can be assumed: 


H—-s|—cH,— 
a 


In the present work, the symmetrical structure of tetrachlorodis{lanemethane was demonstrated by the pre- 
paration frem it of tetramethyldihydroxydisilanemethane and bis(tetramethyldistlancmethane)cyclodioxide, both | 
of which are described in the lterature [5,6], and there was also shown the possibility of cts from It oe 
coinpounds with s{loxane-carbon acc«rding to the following schemes 


NzOH 
aRMeX 


ci 


R 


EXPERIMENTAL 


of tewamethyldisilanemethane, To iodide, prepared from 400 g (2.8 moles) 
of methy!] iodide and 68 g (2.8 moles) of magn¢sium in 500 ml of ether, was added, with stisring, 70 g (0.33 mole) 
of tewrachlorodisilanemethane dissolved in 150 mJ of ether, At the conclusion of hie addition, the reaction mix- 
ture was heated to boiling for 4 hours; it was then cooled to room temperature and decomposed with 10% hydro- 
chloric acid, The ether was washed, dried, and distilled In a column, There was obtained 36 g (82.5% yield) of 
a inaterial with a boiling point of 103° at 752 mm, which fs characteristic of tetramethyldisilanemethane, 


94 405 


ROR 


Found %: C 45,46, 45.98; H 12,18, 12.21, 
Calculated C 45.39; H 12,19, 


Preparation of tetramethyldiethoxydisitanemethane, To a solution of sodium alcoholate, previously pre- 
pared from 2.3 g of sodium and 50-ml of absolute ethyl alcohol, was added 10 g of tetramethyldisilanemethane, 
A reaction yielding tetramethyldiethoxydisanemethane began immediately and was accompanied by the 
Mberatior of hydrogen, After the liberation of hydrogen had ceased, the mixture was heated to boiling for 15 

minutes, thea cooled to room temperature, and dry carbon dioxide was passed through the reaction mixture 

~ until the formation of the precipitate had ceased, The precipitate of sodium ethyl carbonate was separated 

in a centrifuge, and the alcoholic solution was distilled, There was obtained 8.5 g (51.2% yield) of a material 
boiling at 82-83° at 21 mm, which is characteristic of tetramethyidiethoxydisilanemethane, 


Found © 49.34, 49.30; H 10.99, 30.89. 
Calculated th: C 49.04; 1.10, 98, 


Preparation of To 100 ml of a S% solution of hydro:- 
ide in methyl alcohol was added 16 g of tetramethyldisilanemethane. Vigorous evolution of hydrogen oceursed 
immediately, After hydrogen evolution ceased, the mixture was heated to boiling for 15 minutes, then cooled 
to 0°, and diluted with 150 ml of water. The precipitated crystals were suction filtered in a funnel and washed 
_ with water. After drying, there was obtained 12,5 g of a material which, after recrystallization from peuoleum 

ether, melted at 30°, b.p, 208-209° at 760 mm, which propertuss are characteristic of bis(tetramethyldisilane-. 


Found %: C 41 66, 41.08; H 9.70, 9.60, 
Calculated C 41.05; H 9.65, 


Molecular weight: found, 296 and 288; calculated for 292, 


"Preparation of tetramethy'dihydroxydisitanemethane, 8.5 g of was 

- added to 40 ml of distilled water in a quartz flask carefully washed from waces of acid and alkali, Upon stand- 

ing for 5 days, the formation of crystals Occwred. in the mixture, After this, the organosilicon products 

were extracted by heating with 106 ml of petroleum ether, The ether layer was quickly separated and cooled 

__ with crushed fce. The precipitated crystals were filtered, washed with cold petroleum ether, and dried ina ~ 
vacuumdcsiccator, There was obtained 4,5 g of a crystalline material with a melting point of &6-87°, which 

is characteristic of 


Found %: C 36.39, 36.50; H 9.94, 9.93 
Calculated $: C 36.55; 


Preparation of tetracthyldisilanemethane, To hihelegiiatio bromide. prepared from 174.4 g (1.6 moles) 
of etby! bromide and 39 g (1.6 molc-) ef magnesium in 406 inl of ether, was added 40 g (0.18 mole) of tetra- 
chiccodi disolved in 100 ml of ether. The reaction miature was heatcd to boiting for 6 hours, 
ond deceinpered with LOMhydrochloric acyd. The ‘ether. layer was washed, dried, dnd distilled in accluthn, There was 


estained 26 (75.6, yield) of aimaterial witha boiling point of 3mm, which is characteristic of tetracthyldisi- 


C 57.55, 57.40; H 12,84, 
Calculated 7: C 57.37; 


Preparation of tetraethyldihydroxyBisilanemethane, To 120 ml of a 107 alccholic solntion of NaOH 
was added 26.5 g of tetraethyldisilanemethane, The mixture was heated to boiling for 4 hours, After the 
liberation of hydrogea had ceased, the reaction mixture was cooled to room temperature, diluted with 100 ml 
of petroleum ether, and then with 200 ml of water, The ether layer was separated, washed free of alcohol, 
filtered, and distilled, There was obtained 26 g (84% yield) of a material with a boiling point of 126-128" 
at 5 mm and a melting point of 17-18*, which values are characteristic of tetraethyldihydroxydisilanemethane, .. 


Found %: C 49.16, 49.28; H 10,97, 10.89, 
CsH,0;S1y Calculated %: C 45,04; H 10,98, 


i 

{ 

; 

i 

i 

i 
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TABLE 


nD Iculated 


1), 737319 4441 44.86) 45.66 


.4473 


158—159 


101, 41 


| 
GH, 
No 


CH. GH, GH, CH, 


* Literature data: m.p. 84-86° {5}. 
Literature data; b.p, 213-215°, m.p, 30°; ©. 9099; 1 4341, 


| 208—206] 760 20 84,90] 84.32. 


Preparation of 22 g of 
was boiled with 50 ml of 407 hyvrobromic acid for 6 hours, after which the mixture was cooled to room 
temperature, and the organosilicom products were extracted with ether, The ether extract was neutralized, 
washed with water, dried, and distilled. A fraction boiling at 162-164° at 4 min was obtained, from which, by 
a second distillation over metallic sodium, there was obtained 15 g (747% yield) of a material with a boiling 
of 154-155° at 3 mm, which Js characteristic of bis(tetraethyldisilanemethane}c yclodioxide, 


Found %: C 53,55, 53.44; H 10.04, 10,81. 
Calculated : C 53.42; H 10.08, 


Molecular weight: found, 402 and 398; calculated for Cults 404.6, 


Preparation of tetrabutoxydisilanemethane. A mixture of 274 g (2 moles) of butyl bromide, "s g (0.3 mole) 
of pentachlcodisilanemethane and 300 ml of ether was added, with stirring, to 48.6 g of magnesium in 400 ml) 
of ether. The reaction mixture was heated to boiling, with stirring, for 16 hours, and then decomposed with 
10% hydrochloric acid. The ether layer was treated with a 10%, solution of sodium carbonate, washed, dried, 
and distilled, The fraction boiling up to 190° at 8 mm was collected’and afterwards distalled in a column, 
There was obtained 34 g (35.8% yield) of a material with a boiling point of 158-159 at 4 mm, which fs char- 
acteristic of tetrabutoxydisilanemethane, 


; Found %: C 64.68, 64,74; H 12.89, 13,03, 
Calculated %: C 64.49; H12,74, 


P-eparation of teurabutyidihydroxydisilanemethane, To 75 ml of a 10% alcoholic sulution of sodium 
hydroxide was added 23:g of tetrabutoxyditilanemethane, The mixture was heated to bosling for 6 hows, Afier 
evolution of hydrogen had ceased, the reaction miature was cooled te room temperature, and 100 ml of petio- 
Jeum ether and then 200 ml of water were added. The ether layer was washed with water to a neutral reaction, 
dried, and distilled, During distillation, part of the product condensed, There was obtained 8 g (32.9% yield) 


of a material with a boiling ase of 185- 18F' 3 at 5 mm, which is characteristic of tetrabutyid:thydroxydisilane- 
methane, 


Found %: C 61.80, 61.74; H 12,28, 12,19. 
Sip Calculated C 61.39; H12,12, 


Rreparation of bis{tetrabutyldicilanemethane)cyciodioxide. 20 g of tetrabutyldihydroxydisilanemethane 
was boiled with 50 ml of 40% hydrobromic acid for 10 hours, after which the mixture was cooled to room 
temperature, the product extracted with ether, neutralhzed with soda, washed, dried, and distilled, There was 
obtained, after a second distillation over metallic sodium, 12 g (63.5% yield) of a material with a boiling 
point of 214-216° at 1 mm, which is characteristic of bis(tetrabutyldisilanemethane)cyclodioxide, 


Fonnd &: 64.93, 64.93; H 12.15, 12.17. 
CyHzOSig Calculated %: C 63.90; H 12.18, 


Molecular weight: found, 618 and 621; calculated for CyHyO,Sig, 629. 
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SYNTHESIS OF y-!YDROXYALKYLAMINONITRILES 


Ss. Vv. Ts ukerman and V, F, Lyubomudrow 
(Presented by Acadeniician L, N. Nazarov, May 3, 1956) 


Hydroxyalkylamino acids are of interest not only from the theoretical point of view as compounds containing © 
simultaneously three different functional groups, but also as potentially physiologically active substances, 


In a series of works published in 1925-1932, A, 1, Kiprianay and co-workers described a practicable method 
of synthesis and the properties of representatives of this unusual class of organic substances; they prepared about 
25 compounds in the B-hydroxyalkylamino acid series by the reaction of cthylesie oxide and its homologs with | . 
esters of different a-amino acids and by the application of the Zelinsky-Stadnikov reaction to amino alcohols 
(ethanolamine, etc), The literature on hydroxyalkylamino acids is very Mmited and is oe confined to a few 
works devoted to the synthesis of & -hyuroxyalkylamino acids (2,8}. 


As regards y-hydroxyalkylamino acids, although they are close to certain natural siydiledicaily active sub- 
stances {ecgonine) and Sn spite of the synthesis in very low yield by McElvain in 1924 of one of the compounds 
of this series, the benzoate of methyl- y-hydroxypropylaminopropicnic ester} by the action of trimethylene chlore- 


hydrin on an ester of B-methylaminoproplonic acid, up to the present time nothing Is known about them and @ 
convenient method for their synthesis nas not been developed, 


Moreover, A. L Kiprianov [4] and B, A, Rashkovan [5] did not succeed {n obtaining the expected y-hydroxy-. 
alkylaminonitriles and the corresponding acids by the application of the method of Zelinsky and Stadnikov to 


ychydroxypropylamine, Thus, an apparent , simple ae easily practicable method a! their synthesis proved to 
be a failure, 


Wanting to explain the reasons for the lack of success of the above- Rinitirica investigators, we decided to 
investigate in greater detail the cyanohydrin method In its application to y-hydroxypropylamise with the alm of 
finding favorable conditions for carrying it out, It was also stimulating to us that upon critical consideration of 
the mechanisms of the reaction involved in the cyanohydrin method ‘of synthesis of aminonitriles proposed by 
various suthors [6], among them B, A, Rashkovan [5], we were unable to discover any reason why y-hydroxypropyl- 
amine should not enter into a similar reaction with carbony) compounds and hydrocyaric acid, 


Actually, by carrying out the Zelinsky-Stadnikov reaction of y-hydroxypropylamine and potassium cyanide 
with benzaldehyde, cyclohexanone, acetone, and n-butyraldehyde we obtained under suitably mild conditions 
y~hydroxyalkylaminoniuiles according to the equation; 


Ry 
= O-+ KCN + HC1-NH;CH,CH,CH,OH —> 
Rs 
NHCH.CH CH,OH 
2 


+ KCi+H,0 
Rs~ CN 


The structure given by McElvain in the reference is y B-carbo-ethoxy- benzoate- 
Publisher. 


| 
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Orty in the caze of the conden: ation in which formaldehyde was used as the carbonyl compound were we 
un-uccessful in fsolating from the reacilon products y-hydroxypropylaminoacetonitrile and the corresponding 
-acid; this Was a-patently due to the’ high water solubility which prevented fsolation and pucification, It 
chould be noted that A, 1, Kiprianoy and B, A, Rashkovan were also unsuccessful in isolating individual reaction 
“products from a similar condensation with, formaldehyde, but 2-phenylretrahydrooxazine was obtained from 
the condensation with benzaldehyde, 


The formation of this heterocyclic compound can be visualized as proceeding either by means of the 
-. direct interaction of the amino alcohol and the carbonyl compound with. the splitting out of a molecule of water, 
- for example as observed by Kohn [7] during the condensation of diacetonalkamine [4-methy]-4-amino- 2-pentanol] 
with aldehydes, or from a secondary reaction — the — out of hydrocyanic acid from the akkeady formed 
y ~hydroxyalkylaminonitrile, 


In the present investigation we s showed that, in alkaline medium, s-liprenyalijtasninonttriles easily split 
out hydrogen cyanide, and are converted thereby into derivatives of tetrahydrooxazine, This same thing was 
observed in acid medium by means of the action of a solution of silver niuate, We also observed a similar 
effect in the B-hydcroxyalkylamino acid series [8] Since B, A. Rashkovan did not avoid the use of an alkaline 
medium during the isclation of the products of the condensation of y-hydroxypropylamine hydrochloride with 

_ potassium cyanide and benzaldehyde, naturally a secondary reaction procecded under these ¢ -nditions with 
the splitting our of the elemnents of hydrocyanic acid frum the y-hydroayalkylaminoninile with the formation 
ofa of tctrahydrooxazine, 


This was confirmed by the almost quantitative formation of 2- phenyltetrahydrooxazine- 1,3, described | 
By B, A. Rashkovan, by the action of alkali on the hydrochloride 
pzepared by us, 


EXPERIMENTAL 


phen (hydrochloride), To 7.5 g (0.1 mole) of 
previously neutralized with hydrochloric acid (1:1), was added a solution of 12 ml of freshly distilled benzal- 
dehyde in 80 ml of alcohol, A solution of 6.5 g (0,1 mole) of potassium cyanide in 40 ml of water was then - 
added in small portions, Evolution of heat was observed upon mixing of the reacting materials, After a day, 
the alcohol was distilled off under vacuum, and the reaction product was extracted with ether, The ether sol- 
ution was dried with anhydrous sodium sulfate, and, after removal of the latter, dry hydrogen chloride was 
passed into the filtrate while cooling with ice water, The crystalline precipitate was washed with absolute 
ether and recrystallized from a mixture of alcohol and ether, The y-hydroxypropylaminophenylacetonitile 
hydrochloride was a white crystalline (plates) material, readily soluble in water (with an acid reactionto Ntmes) . 
and alcobol, and insoluble in ether and benzene, After heating with a solution of alkali, the aqueous solution 
gave a positive reaction for cyanide ion, The yield was 14.8 g (65% of theoretical), M.p. 117-119° (with de- 
composition) (from an alcohol-ether mixture). 


Found N 12,43; Cl 15.58; CN 12.43. 
C.,HON (CN)°HCL Calculated 12.85; Cl 15.64; CN 11.47. 


1-(y-Hy droxypeopylamino)-1- phenylacetic acid, 20g y-hydroxypropylaminoacetonitrile hydrochloride 
was hydrolyzed with hydrochloric acid on a water bath. At the conclusion of the hydrolysis, the hydrochloric 
acid solution was evaporated to dryness. The dry residue was treated with absolute alcohol to separate the 
ammonium chloride, The alcoholic solution was evaporated, the residue Gissoived in a small amount cf water, 
ard pyridine was added Cropwise to this aqueous-solution to a neutral reaction toward litmus, The liberated _ 
free alkamino [hydroxyalkylamino) acid was filtered, washed with alcohol and ether, and dried under vacuum, 
The 1-(y-hydroxypropytamino)-1-phenylacetic acid was a white crystalline matessal, soluble in water with 
a neutral reaction to litmus, and insoluble in alcohol and ether. The yield was 0.5 g of 
M.p. 


Found &: N 6.57, 
Calculated %: N 6.69, 


; 

| 

i 

i 


2- Phenyltetrahydiouxazine-1,3, 7 g of hydrochloride was dis- 
solved ina water and hested with 40 solution of KOM for 15 minutes, The solution 
obtained was extracted with ether. The ethereal extract was dried with potasstum carbonate, and the ether | 
distil’ed off, The oily residue was distilled under vacuum, The yield was 4 g (79% of theoretical), Bp, 
175-177°/30 mm, A mixture of equimolecular quantities of 2-phenyltetrahydrooxazine and pieric acid ia 
alcohol solution gave the picrate with a m.p, of 130-131°, 


1-(y-Hydroxyptopylamino)- To 7.5 g (0.1 mole) of 


viously neutralized with hydrochloric acid (1:1), was added a solution of 12 ml of freshly distilled cyclohexanone . 


in 80 ml of alcohol. A solution of 6.5 g (0.1 mole) of potassium cyanide in 60 ml of water was then added SE 
fu small portions, A rather considerable evolution of heat was observed upon mixing of the reactant material, — 
After two days, the alcohol was distilled under vacuum, and the liberated oily layer was extracted with ether, 
The ethereal solution was dried with anhydrous sodium sulfate, and a large part of the ether was distilled, The | 
crystalline precipitate was filtered and dried under vacuum, The 1-(y-hydroxypropylamino)- hexahydrobenz- 
nitzile was a white crystalline (needles) material, readily soluble in water, Upon the addition of silver nitrate 

to the aqueous alcoholic solution of the aminanitrile in an acid medium, a precipitate of silver cyanide was _— 
formed. A solution of the material gave a positive reaction for cyanide ion after — with seis The mee oe 
yield was 14.4 g (797 of theoretical), M.p. 87-88 (from gasol: nc). ‘ 


Found @: N 15.22, | 
C,H; ON (CN). Calculated %: N 15,28 


The hydrochloride was obtained by pascing dry hydrogen chloride into a solution of 2 g of the alkam{iuonitrile: 
fhydroxyalkylaminonitrile] in 120 ml of absolute ether, The yicid was almost Guanttative., The hydrochiorige 
d.solved readily in wates (with an acid reaction to htmus) and in alcohol, and was insoluble in othes. M.p, 
128° (from alcohol-ethes mixture). 


Found C116,05; CN 11.76. 
ON(CN)* HCL Calculated %: C1 16.14; CN 11.84, 


(hydrochloride) was prepared similarly to the preceeding 
alkaminonitrile, Acetone (10 ml) was used as the carbony! compound in the condensation reaction, The = 
1-(y-hyd:oxypropylamin>)-isobztyronitrile was a white crystalline material, readily soluble in alcohol and : . 
in water with an acid reaction to litmus, and insoluble in ether and benzene, The aqueous solution gave a 
po itive reaction for cyanide ion after the addition of alkali, The was 4.1 g (23-% of theoretical. 
102-104° alcohol- ether mixture), 


Found N 15.62; Cl 19.75; CN 14.48 
CH, ON(CN)*HCL, Calculated N 15.68; C1 19.85; CN 14.56, 


y Hy it Mydiochloise), Tha: ¢ompound was prepaed similarly tc the 
preceding using ng n-butytaidehyde (a solunoa of 10.ml of aldehyde in 60 ml of alcohol) as the carbonyl com> 
pound. The 1-(y-hydroxypropylamino)-valeronitsile was a white crystalline material, readily soluble in water 
(with an acid reaction to litmus) and in alcohol, and insoluble in ether and benzene. The aqueous solution 
gave a positive reaction for cyanide jon after heating with alkali solutions, The yield was 10.8 g er 
theoretical), 142-144° (with decomposition) (from absolute alcohol). 


Found N 14.73; CL18,28; CN 1341. 
CyHygON(CNYHCL. Calculated %: N 14,54; C1 18,40; CN 13,50.° 
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AMINOACYL DERIVATIVES OF NUCLEOSIDES, SYNTHESIS OF Ng-AMINOACYL 


DERIVATIVES OF 3-68-d-GLUCOPYRANOSYLCYTOSINE 


Zz. A. Shabarova and M. A. Prokofyev 
by Academcian A, N, Nesncyanov, 13,. 1956) 


Polyam{noacy! derivatives of nucleosides and nucleotides, in particular those which have a polyaminoscy] — 
(polypeptide or peptidodiketopiperazine) group. bonded to the amino group of the nitrogen bases (cytosine, 5- 
methylcytosine, adenine, guaninc), have an Important significanec In the chemlstry of nucleoproteins, The ques- 
tion of the significance of compounds of such type as. models of one of the possible forms of the bonds of nuclele 
acid and albumin fn nucleoproteins. {1] has been discussed In the Hterature, 


We undertook an Investigation in this field In order to develop methods of synthesis of aminoacy] derivatives — 
of nucleosides and to study the properties of the compounds obtained, The present work communicates the results 
of an Investigation on the synthesis of Ng-aminoacy! derivatives of 3-8-d-glucopyranosylcytosine, 3-8-d-Gluco- 
pytanosylcytosine hydrochloride (I), prepared by the method of Hilbezt and co-workers, somewhat modified, from | 
2,6-diethoxypyrimidine and tetraacetylhromoglucose (2}, served as the starting material for the syntheses, In con- 
trast to the 4(6)-aminopytimidines studied earlicr by us (3), the amino group of 3-8-d-glucopyranosylcytosine 
reacted rather readily with acetic anhydride, phthalyglycy! chloride, and, of particular importance, with mixed 
anhydrides of amino acids, Upon heating (D with acetic anhydride at $0° in the presence of H,PO,, the pentaacetyl - 
derivative (11) was formed, which, however, casily lost one acy] group on heating with $6% alcohol In the presence © 
of HCI, being cenverted to the tetraacety] derivative (Ii). By the reaction of (LID with phthalylglycyl chloride, 
it was shown that the amino group of a cytosine nucleoside can be easily acylated by the acid chloride of an amino 
acid with the formation of an Ng-aminoacy}tetraacety]-3- (TV). 


1 
i 


Among the 4(6)-amfnopyrlinidines, the amine group reacted with a mixed anhydride of an amino acid only 
ia the case of cyanmethine (3), lu which the basicity of the amino group fs fnereased., With 3-A-d- - glucopyranosy}- 
cytosine, acylation of the amino group with a nixed anhydeide of an amino acid was accomplished castly, By 
the action on of the mixed anhydride of phthalylylycine and dicthy] carbonate, the pentaplithaly}glycine de- 
rivative (V) was obtained In good yichd, Reaction of this same auhydride with (11D Jed to the formation of the 
Ng -aininoacy! derivative (IV), which was also pecpared from (Ill) and phthalyiglycy! chloride, The mixed anhydride 
of phenylalanine and dicthyl carbonate reacted analogously with (111); an this instance, Ng -(phenylalanyl)tctraacetyl 
_ 3-8-d-glucopyranosylcytosine (VD) was formed, Ng B-d- giucopyrano- 


neo 


iV) AtAc#C,Hy 
H-CO ; AceCH,CO 
H,—-C,H, 
(VI) 


1, Preparation of pentaacctyl-3-8-d- glucopyranosylcytosine (I). To 1 g of (D was added 4 ml of acetic 
anhydride and several drops of HjPO,. The reaction mixture was heated at 50° for 4 hours and poured euto ice, 
The oil which separated out In the cold crystallized. The yield of (1D was 1.4 g (90%). M.p. 225° (from 80% 
alcohol), UV absorption In 96% alcohol: Agy3x 251; 300 my (log € 2.6; 2.2). Literature data for (ID: m.p. 225° [2} 


2, Preparation of ¥-8-d-tetraacetylglucopyranosylcytosine hydrochloride (10), A suspension of 1 g of (ID in 
20 ml of 96% alcoho! and 0.3 ml of concentrated HC] was heated for 30 minutes on a water bath, The soluuion 
was evaporated under vacuum. The residual oi! was weated with 10 ml of absolute alcohol, The precipitate 
formed in the cold was filtexed and purified by reprecipitation from atcoho] solution by ether. The yield of (11D 
was 0,7 g (657). = 201". The material for a was dried in a vacuum over i at 110° for 10 hours, 


Found Sh: C 42.15; H 5.50: N 8.25. 
21,0. Calculated C 42,10; 5,45; 3,15, 


UV in 90% alcohol: 275° Mp (log € 2.4). 


3. Preparation of 8 - (V). A solution of 0,2 g 
of (111) in 1D ml of dioxane and 0.1 m1 of tributylamine was heated with 6.1 g of phthalylglycy) chloride at 50° 
for 4 hours, After evaporation under vacuum to1/3 the volume, the reaction mixture was poised onto ice, The’ 
precipitate was washed with ice water. The yield of (1V) was 0.12 g (50%), “The materia} was gewied by repre- 
from benzene by petroleum ether, It at 152-153", 


Found $: Cc 53.35; H 4,27; N 9.10, 
Calculated 53.50; H 4.46; N 8,92, 


UV absorption in 967: alcohol: yi ay 240; 298 (log € 2.9; 2.4). 


4, Preparationof penta(phthalylglycyl)3- 8 -d-glucopyranosylcytosine (V). To a solution of 0, 34 g of 
phthalylglycine in in 5 inl of chloroform and 0,4 ml of tributylamine, cooled to 0°, was added 0,016 ml of ethyl 
chlo:ocarbonate, The solution was kept at 0° for 30 minutes, and then a solution of 0.1 g of (1) ‘in 0.5 m! of 
water containing 0.012 g NaOH was added to it. The reaction mixture was cooled in a vacuum for 10 minutes, 
and then remained in the cold for 3 hours, After evaporation under vacuum, 10 g of crushed ice was added 
to the residue, The copious precipitate of (V) was filtered and washed with water and alcohol, For purification, 
(V) was dissolved in 25 ml of chloroform, and the solution was evaporated to Y3 its — After cooling, 
the precipitate was filtered, The yield was 0,15 g (40%). iAp. 239-240". 


Found 4: 60.10; H 3.31; N 9.2%, 
Calculated $: C 59,60; H 3,31; N 9.2%. 


UV absorption in 96% alcohol: A 4, 297 inp (log € 2,5). 


5. Preparation of (IV) from (TID and the mixed anhydride of phthalylglycine, Toa solution of 0.08 8 
of phthalyiglycine in 4 ml of chloroform and 0.1 ml of tributylamine, cooled to O°, was added 0.04 ml of ethyl — 
- chlorocarbonate, The reaction mixture was held at 0° for 15 minutes, and then a solution of 0.2 gof (1M) in — 

4 ml of dioxane and 0,1 m) of tributyiamine was added ta it. The solution was placed in a vacuum for 30 
minutes, and then it was held in the cold for 1 day. After evaporation under vacuum, 5 g of crushed ice was 
added tothe oil, The precipitate was filtered and washed with 0.1 N NaOH, 0.1 N HCI, and water. The yield 
of (1V) was 0,15 g (60%). The material was purified by reprecipitation from benzene by petroleum ether, it 


decomposed at 152-154°, A mixed melting point with (IV) fiom experiment 3 did not show a oe of the : 
decomposition temperature, 


6. Preparation of Ng 8-d+ glucopyranaylcytocine (VD. This compound was 
prepared analogously to that described above from the mixed anhydrid= of phenylalanine and (ID in dioxane, 
The yield of (VI) was 554, It decomposed at 143-145° (from benzene- petroleum ether mixture), 


Found %: C 58,35; H 5.44; N 7.77 
CeHsOysNy Calculated %: C 58,17; H 5.25; N 7.75. 


UV absorption in 96% alcohol; A,,3, 250; 300 my (log € 3,3; 2.9). 


7, Preparation of Ng 3-8 - d- plucopyranosyleytorine wm. Toa 
sotution of 0,12 g of phenylalanylglycylglycine in 5 ml of dioxane and 0.11 ml of tributylamine at 10° was - 
added 0,03 ml of ethyl chlorocarbonate and, at this same temperature over a 30-minute period, 0.15: of 
UV) in 0.5 ml of water containing 0.012 g of NaOH, The reaction mixture was placed in a vacuum for 30 
manctes, and then held for 1 day at 10°, After evaporation under vacuum, cther was added to the residue, 

The oil was separated, treated several times with ether, and poured onto ice, The precipitate was washed with 
ice water, 0.1 N NaOH, and 9,1 N HCI, and reprecipitated from alcotol by ether, The yield of (VID war 0.1 so 
(42%), M, p. 139-140°, ee analysis, the maternal was dried under vacuum over PO at 75° for 20 hours, 


Found %: C $4.68; H 5.47; N 9.65, 
Cul Calculated C 54.80; H 5,38; N 9, 


UV absorption in 96% alcohol: A, 250; 301 my (log € 2.2; 2.8). 


We consider it our pleasant hag to express © ou rbd oa to D. AS Morozova, who on supplied us 
_ woth the phenyialanylglycylglycine, 


M, V. Lomonosov Moscow State University 7 Received February 10, 1956 
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INVESTIGATIONS IN THE FIELD OF THE SYNTHESIS AND TRANSFORMATIONS OF 
UNSATURATED ORGANOSILICON COMPOUNDS, SYNTHESIS OF | | 
ORGANOSILICON GLYCOLS OF THE DIACETYLENE SERIES 


M. F. Shostakovsky, I. A. Shikhiev and N. V. Komarov 
(Presented by Academician B, A, Kazamsky, 14, 


In ov: previous investigations, we studied ‘the of compounds conatng hydroxyl 
groups [1], 
With the aim of furthering the development of our Investigations in the field of the synthesis and soca: 


tions of hydroxyl-containing organosilicon compounds, we decided to 
of the ne gencral structures 


R 


For the of the indicated compounds, we used the of 1, Iotsich 
which is well known in organic chemistry. 


As Is well known, haloalkyls [3] and chlorosilares [4] react readily with epsacnugneats compounds, — 


For the synthesis of the organosilicon glycols of the diacetylene serles (or for the preparation of organosilicoa 
alcohols of the acetylene series), we studicd the reaction of dialkyldichlorosjlanes (or of uialky}chlorosilanes) with 


CH C =: CMgBr 


| 
R’ R - R’ 


“where Ror R* can be H, CHy, C,Hs, CH, = CH-, aryl, ete, 


| 
| 
: 
i 
; 
| 
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This means was used to prepare three ne of the aie mentioned apadtions glycols of the 
following structures 


oh 
by 


Rit Ciy, City and 


The presence of two hydroxy! groups was ‘Vetamnesied by the preparation of the iiees derivative of di(di- 


CH, 


EXPERIMENTAL 


Synthesis of Di(dimethylacetylenyl! -y- hydroxy)dimethylsilane. 


CH, CH, 
Ho—¢— 


84 g (1 mole) of dimethylacetylenylearbinol in 100 m] of absolute ether was added to the constantly stirred 
Grignard reagent (prepared from 48g Mg and 220gC;H,Br) while cooling with ice water, The mixture was stirred” 
for 2 hours while cooling with ice water, and 65 g (0.5 mole) of dimethyldichlorosilane was then added, The re- 
action mixture was allowed to stand overnight, On the following day, the viscous complex was decomposes with 
hydrochloric acid (10-15% while cooling,. 


The aqueous layer was separated from the ether layer, which was then dried over sodiuns sulfate, The ether 
was distilled off; from the residue, after two-fold recrystallization from absolute benzene, was isolated 72 g of 
product in form of acicular with a m.p. of 80-82", The yield was 64.3%, 


Found %: C 64.57, 64.55; H 9,16, 9.06; Si 12.54, 12.64, _ 
Calculated $: £ £4.24; H8.98; 12,50, 


The analytical data correspond to the diacetylenicglycol (1). 


Two other syntheses were carried out by this same method using diethyl- and duinopjdbichtaieidtend and dj- 
magnesium dibromodimethylacetylenylearbinol and leading to the preparation of the two corresponding organosilicon 
Giacctylenic glycols y-hydroxy)dicthyl- and difdimethylacetyleny}- y-hycroxy)dl propyl- 
silane, The. — compositions and the mekin ng points of these ae are RR in ror L 


Cite 


TABLE 1 
General Characterization of the Diacetylene 


Elementa) analysis, % 


Kound}cale. 


eM, 
ed exe om 


12.50 
cu, cH, 


70 


To 25.3 g (0.1 mole} of di(disnethylacetylenyt y -hydroxy}diethylsilane was adced 20.4 g(0.2mole) of acetic 
anhydride, The mixture was heated at 70° for 8 hours with constant stirring, and then allowed to stand overntght, 


The acetic acid was distilled off; from the after two-fold distillation, was 20.6 yield) 
of a material boiling at 194-141°/3 mm; nb 1.4629; 0.9675, 


Found MRg $5.97. 
Calculated Tes MRp 95 42, 


Found C 64,10, 63.92; H 8,64, 8.69, 
CysHySiOg Calculated C 64,24; H 8.39, 


These data corresponds to di(dimethylacetylenyl- y-hydroxyacetoxy)diethylsilane, 
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SYNTHESIS OF HIGHER ALIPHATIC ALCOHOLS FROM CO AND Hy 


A. N. Bashkirov, Yu. Kagan and L. Zvezdkina 
(Presented by Academician A. A. Balandin, January 23, 1£56) © 


From the moment of their discovery the development of catalyti¢ syntheses from carton monoxide and 
hydrogen has been along two primary directions; on the cne hand the syntheses of hydrocarbons were nahin te 
and on the other hand the syntheses of alcohols, 


As is known, the first of these directions led to the icons of many new catalysts and the creation of a 
number of processes which permitted obtaining various hydrocarbons, beginning with methane and ending ia 
a high-molecular paraffin. The synthesis of hquid, predominamly unbranches, aliphatic hydrocarbons from 
CO and Hy was accomplished on an industrial scale [1, 23 


Much poorer results were achieved in the ficld cf synthesizing alevhe Vs frem CO and Hy. Cnty the synthesis 
»fincthy] alech. as currcatly achieved on a broad commercial scale. The synthesis cf asobuty] of), which has 
received fairly eatensive study, gives a product that usually ccentains ever 50° cf incthanol, about 127 isobutyl - 
aud several perceni «f other higher alec hols, and in essence the process 3s synthesizing methanol 
with a certain amount of higher atoohbts {1}. The prlet plant studies made in the past of the German “synol 
precess” Cove a mixture of ‘products, composed of nearly equal amounts of hydrocarbons and — aliphatic 
alechols with a small amount of other oxygen-ccntaining crganic compounds [1,3]. 


Asa result, in contrast to the synthesis of the higher hydrocarbons, not only has the synthesis of the higher 
alcuhcls not been realized on an industrial scale, but even its development has been unsuccessful - to now. 


The discovery of a method for synthesizing the higher aliphatic alcohols from CO and Hy with a fairly” 
high yield of tie desired product has both scientific and practical interest, 


With the purpose in mind of achieving such a process we developed and iaveciianiil in the synthesis a 
number of differently activated jron catalysts, opcrating in the temperature range from 150 t) 170°. The cata- 
lytic hydrogenation of carbon monoxide under these ccnditions leads to obtaining liquid products that ccnsist 
80-907 of gen-centaining crganic compounds, The fraction of alcohols in these liquid synthesis products 
can be as high as 75-807, Together with the alcohols about S-10¢ of carbonyl compounds (chiefly aldehydes) 
is formed, the further hydrogenation of which, similar to that used in nesy “oxo ieee [4], permits increasing 
the amount of alcohols in the reaction products up to 85-90%, 


In the wide fraction, builing in the range 105-200°, the amount of organic oxygen-containing — 
approaches 1007, The viene’ of liquid synthesis products (excluding water) attains a value of 170 ml/m? (NTP . 
of treated gas (CO + 2H. The output of the catalysts in the experiments where the return gas was recirculated, 
using a recirculation coefficient of 7, was as high as 1.1 liters of liquid product per liter of veene. per day, 
which corresponds to complete conversion of the carbon monoxide at a space velocity of 300 hr."! (against 
150 hr.~* in the syrol process [5). Depending en the catalyst composition and synthesis conditions the frac- 
tr nal composition of the obtained yeeeers can show some variation. 


= For the syntheses where a gas ratio Hy:CO = 2:1 was used the following distribution of the alcohols was 

characteristic: the methyl alcohol fraction represents about 10% of the total amount of obtained alcohols, the 
fraction composed of the Cu Cy and Cy alcohols represents about 50%, and the amount of alcohols higher than 
teaches 40%, 
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The following alcohols were fsolated from the obtained synthesis products end were identified by their 
physical constants, elementary analysis data, hydroxyl numbers, and in some cases, by the melting points and 
analyris of their phenylurethans: methyl, ethyl, n- sis n-butyl, n-asnyl, n-bexyl, n-heptyl, n-octy), 
and n-decyl, 


These alcohols constitute the major portion of the investigated 4 The data ere the 
tsolated alcohols are collected in Table 1. 
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MOLECULAR COMPLEXES OF NITROSYL CHLORIDE 


E. V. Genkina, A. 1. FinkcIshtcin and A. A. Artemyev 
(Presented by Academician LL. Kunnyants, January 14, 1956) | 


A-number of papers by varsous authors have been devoted to a study of the absorption spectra of nitrosyl. - : 
chloride In the visible and ultraviolet regions [1-6], These authors established the prescnce of a numbers of broad 
bands in the absorption spectrum of gascous nitrosyl! cliloride, having absorption maxiina at wavelengths correspond- 
ing to 601.7; 475; 440; 335; 197; 150, In addition to these broad bands there was also shown the presence of 
six narrow bands In the 530-630 my region, having absorption maxima at wavelengths 643.1; 615.8; 587.9; 561.2; 


549.5; 538.5 my of the fine structure indicated by Kistiakowsky [3) fa the 400-450 my region of the s spectrum for 
gascous nitrosyl chloride was not supported in later studies [5 6} 


The nature of the bands cerresponding to below 530 my Is determined (4) by primary 
tion of the nitrosyl chloride molecule 


NOC] + hy-> NO + CL 


The Interpretation of the bands In the 530-630 my region fs Jess clearly defined, _Appatenty 15) predissoclae 
tion takes place here, Icading to cleavage of the molecule, 


NS 


630 m 


Fig. 1. Absorption curves in the visible region of NOC] solutions in 


nonpolar inert solvents, 1) In cyclohexane; 2) in heptane; 3) in CCl: 
4) in cyclooctane, ; 


In this paper we give our study results on the shacesisa spectra of nitrosy? chloride ina number. of =e. 
solvents, 


The results that we obtained {Figs.1-4) show very aaah that the stucicd compounds exert a variable ine 
fluence on the absorption spectrum of nitrosyl chloride, In this connection it is expedient to divide them into 
Uuce groups, The first group contains the nonpolar solvents (cyclohexane, cyclooctane, n-heptane, carbon 


20 tt 
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tetrachloride) (Fig. 1); the substances showing easy polarization of the benzene dng should be classified as belongs 
ing to the second group (henzene, ethylbenzene, benzy) chloride) (Fig, 2); the third group contains the polar al- 
iphatte halides (cthy! bromide, dichlosocthane, bromide, n-hepty) bromide) (Fig. 


The abcorption spectra in the visible region for the solutions of nitrosyl chloride tn the enumerated compounds 
are plotted In Figs. 1-3, while the corresponding spevira In the ultraviolet region are plotted in Fig. 4. Our studies 
revealed that In nonpolar Inert solvents the alsorption curves of iiitrosy! chloride solutions coificide with the ab- 

sorption curves of gascous NOCH, differing from the lauer only In absolute value. 


Fig. 2 Absorption curves in the visible reglon of NOCI solutions 
~ fn benzene and some of its derivatives, 1)19 benzene; 2 in 
benzyl chloride; 3) in ethylbenzene, 


The Fives curves of NOCH solutions in ethyl bromide and dichloroethane are characterized by a shifting 
of the maximum toward the short wave portion of the spectrum, This apparently fs associated with deformation * 
of the electron cloud of the nitrosy! chloride molecule under the influence of the dipole molecules of the solvent, 
Heptyl bromide exerts a much smaller Influence oa the character of the nitrosyl chloride absorption curve, 


The absorption curves of nitrosyl chloride solutions in benzene and some of its derlvatives are characterized 
by some shifting of the maximum of the bluc- green region toward the shorter wavelength portion of the spectrum, © 
and in addition, by the complete deformation of the curve In the 600-610 my region, and instead of a maximum, 
the formatioa of only a slight inflection with subsequent rise, In this case it Is possible that molecular compounds 
are formed as the result of unshared NOC! electrons reacting with the z-electrons of the benzene do Here it fs 
— to form an unstable complex ig, the structure: 


similar to the structure proposed by A. L, Titov [7] for the complex of benzene with the NO radical, Naturally, 
the formation of such a complex Jeads to redistribution of the electron density between its constituent atoms, which 
“then appears asa in the curve of : 


| 


i 
| 
| 
| 


It ts well known [8] that fs capable of complexes with tnorgente tha contala 
atoms with unshared electron pairs (AKC), SbhCly; NbCly; AlDr ye 


The compounds that are formed here, falling to be stable, at the same time are also more reactive than ts 
benzene fuclf, which {8 the  resuk ‘of certain difference In charge arising on the cubes atoms of the 
benzene ring due to conjugation with the complex- forming atom. 


Of interest Is the fact that the absorption curve of nitrosyl chloride in benzene solution for the iine-peien, 
region fs located between the absorption curves for its corresponding solutfons in ethylbenzene and benzyl chloride, 


Apparently, this {s not a chance phenomenon but Insicad is associated with the opposite character of the 
substituents: the electronophilic halogen atom in benzyl chloride and the electron-donor CHy group in ethybem. . 

In the ultraviolet region the absorption maximum at \ = 335 my, corresponding to the absorption of gaseous — 
nitrosy] chloride, appears only in the solvents of the first group, An inflection of the curve and a | sharp inceeens ; 
in the absorption coefficient Is observed in all of the other cases, . a 


on 
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Fig. 3. Absorption curves fn the visible region of NOC] 

solutions {n some alfphatic chlorides, 1) In ethyl bromide; 

2) In dichloroethane; 3) In n-bury! bromide; 4) in o-neye 


The results that wé obtained Indicate that intermolecular reaction between nitrosyl chloride and the solvent 
is apparently duc to dipole of polarization forces, which also leads to a greater polarization of the NOC! molecule 
and facilitates its dissociation by the mechanism proposed by G, L. Natanson [S}, 
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Fig. 4. Absorption curves in the ultraviolet nina of 
NOC] solutions in a number of compounds, 1) 10 carbon © 
teuachloride; 2) in cyclohexane; 3) in enn 
4) in ethylbenzene; 5) in epee: 
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The established absence of fine structure In the 500-600 inp region can be explained as being due toa 
change in its state of aggregation when nitrosyl chloride enters the dissolved state, 


We also observed a similar phenomenon (the disappearance of fine structure in the ieee see spectrum) 
when we studied the solution of NO, in a number of hydrocarbons, 


The change in the electronic structure of nitrosyl chloride under the influence of ce:tain solvents, which’ 
is supported by dissimilarity in the absorption spectra of its solutions, is associated with the different behaviar 
shown the ccmpounds in the reaction with nitrosy) chlorids, 


and Panning Received December 12, 1955 
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DOUBLE SULFATES OF TITANIUM WITH AMMONIUM SULFATE 


Ya. G. Goroshchenko 
(Presented by Academician A. N. Frumkin, February 23, 1956) 


It has been propoced that the double sulfates of titanium and ammonium can be used In the treatment _ 
of shhoenite concentrates for the’ purpese of removing iron and other impunties from the titanium (1), Effecuve 
methcds cf decomposing a titanium-ccntaining crude by fusion with ammcnium sulfate and sulfuric acid are 
based on the formation of double sulfates. The properties of the simple titanium sulfates, on which a single - 
harmonious viewpoint stil) fails to exist in the literature, can be re ~~ by the coe of the 
double sulfates, 


Rosenheim and Schutte [2] weve the fitst to obtain the compound 1O(SO HO. cof the 
compound (NH),Ti(SO,', {s made in a number of literature references, However, up to now a £)stemaiic study — 
of the double sulfates of titanium and ammonium has not heen made, 39 our work they were studied by the 

" preparative method, The formation of double salts was followed in a broad region of the TiOg SOs (NH 3S, 
 -H,O system, both in aqueous solutions and in melts, All of the double sulfates detected in this system wee 
1solated in the pure state, Their chemical composition was determined by chemical analysis, 


The double salt (NH) 11,0 Is by icing sob ifate, contgining 
eulfuric acid, and aminonium sulfate, The latter can also be added as a solid to the titanyl sulfate solut-n, 
The salt precipitates slowly, At room teinperature its crystallizaticn is complete only after 12-24 hours, 


“ To obtain the pure salt the crystals, suction- filtered on a Buchner funnel, were first washed with 1:3 
alcchol- water, then with 96% alcohol, and air-dried. Txternally the is a white powder, 
Tie crystals ate —tetrahedrons or (see Fig. 1) with refractive index N= 1.5602 
0.005. The salt fs readily soluble in watcr, its Concentrated solution: are stable at room temperature, and 
frorn d:lute solutions it precipitates as Guodrivalent TiO, gel, The double salt 1s completely hydrolyzed when 
its aqueous solution is boiled, Hydrolysis of the salt yrelds a utanium dioxide that can be used as a pigment, 

The solubility of (NH), TIO(SO iclowered when ammoninim su'fate and su.furie ccid are added 10 
its yet the of Tn Kes? Tw), inwate: Is 
Oe? Bites, Cén- the GE £50, ean de ont from: wor by the cddstionof 
any onium and Marie acid. Practically coinplete salting Oo when Ce comecnteation 
free ammoniuns sulfate ands ede acidin the solinfon ord of 599-600 g/liter, 

The crystals do not efflovesce in the air, they are ot and they 
can be kept as long as cesised without suffering change in chemical composition, 


When heated the salt decor; pores :..cidin2to the reactions: 
= (NH), TIO(SOQ, + at 200%; 
= TIOSO, + 2NHg+ SOg at 500°; 
Ti0,+ 80, 200°; 


Titaniuin dioxide is cbraincd as a Muffy white powder with: aa octaln wt un the pure saltds 
Hf the igniuon temperati re exceeds 1000° the octaledrite as tranfumed into 


Fig. 1, Double titany) ammonium sulfate 2, Double titanyl aminontum sulfate 
(NH); TIO(SO,) 3° HO; 48 x 48 x. 


Fig, 3. Double titanium ammonium sulfate Fig. 4. Double sulfate 3TIOSO,* 


A study of the ionic conductivity in aqueous solution revealed that the concentration of titanium In the anede 
arta shows increase in measure with current passage. It follows tha*, the double titanyl ammonium sulfate 
_ should be regarded as being a complex with the composition (NH) ATIO(SO,),). However, in aqueous solution the 
complex ion shows a high degree of dissociation, as a result of which the indicated compound belongs to the class 
- Of double salty, 


The anhydrous salt (NH),TiO(SO,), was obtained in two crystalline modifications, The modification designat 
as a is salted out when an aqueous titany! sulfate solution is treated with ammonium sulfate-and sulfuric acid at 
a temperature not exceeding 40°, This modificationcan also be obtained at room tempezature from solutions 
rich in ammonium sulfate and sulfuric acid, The pure a-(NH,);TiO(SO,), is obtained in the same manner as the 
pure monohydrate, It is a white powder, nonhygrescopic, and stable in the air. ‘It crystallizes as fine elongated 
plates or as ncedJelike crystals (Fig, 2, anisotropic with straight extinction, Ng = 1,707 0,005, N, = 1,600 
0,010, 


The second modification, designated as B, was obtained by the dehydration of (NH) ,TiO(SO,)3° H,O in an 
“oven at a temperature of about 200°, The crystals of the 8- modification areidiomorphic with the crystals of the 
monohydrate ; however, they show slight double lght refraction, The refractive index of the 8-(NH),TIO{SO,)s 


Oop Ge wy, “An A 


crystals fs 1,629; &-(NH,),TIO(SO,), is unstable in the air, and drawing motstute is uansformed into. 


The double sulfates, (NH), Ti(SOg), and . STION were obtained from the: 
melt: of titanium dioxide with ammonium sulfate and culfurte acid, 


The salt (NH,),T1(SO,), crystallizes from the melt as coarse platelike monoclinic crystals (Fig. 3) ata 
temperature above 230°, The crystak of the salt are white with a greasy lustre, anisotropic, and with a straight | 
angle of extinction, = 1.754 0.010, = 4 0.010, The salt is insoluble in water, but de- 
composes according to the reaction. 


(NH) sTi(SO) + - #0 + 


Due to {ts instability in the presence of moisture the (NH), crystallizes only melts char con- 
tain a smal) amount of water and boil above 200°, The H,SOg?(NH,)2SO, ratio in the mel should be around | 
2, but it can show change within fairly wide limits, both in the perc of increase and especially in the 
direction of decrease, 


The (NH,),TiO(SO,), crystals are decomposed teas by cold water, Below 20° in the presence of water 
the salt 2s converted completely to the corresponding titanyl sulfate salt in only a day. = This fact canbe 
used to obtain the pure salt in the following manners. The melt containing the crystals of this salt, is treated 
with a large excess of water at a temperature below 20°, The f:ltered crystals ase first washed with cold water, 
then with 96% alcohol, and dried at 100- 110°. The dried can be de ina 
stoppered vessel, 


‘When heated at 450-500° ihe secording to reaction. 


The presence of the double salt 2(NH,);S04° 3TiOSO,° was in the melts 
dioxide with ammonium sulfate and sulfiwic acid that bor] around 200°. When the melts have a higher 
bo:ling point, i.e., when the water content of the melts is lower (the boiling point of the melt is primarily 
determined by the water concentration), the crystals of this salt go into séluti.n and (NHg,T1(SOq)g is obtainee — 
as a precipitate, 


The pure 2(NH)SO,° 3T10S0,4° Ti(SO4)3 is obtained in the same mannez as was the ibove described 
(NHQ:T(SO)3. The crystals of this salt are white, aniscaropic, Ng = 1.755 # 0.010, N, = 1.670 # 0.005. The 
salt crystallizes as tiny rhombic prisms (Fig. 4). Itas unstable in water and slowly decomposes as indicated 
by the reaction 


Ti(SO,); + 3H,0 = 
= + ZTISO,g + HSOy 


The examined salt is of interest for the reason that both the normal and basic titanium sulfates enters 
into its composition, It appears as a transition compound between the two types of double titanium salts: 
those based on utanyl sulfate and those based on normal titanium sulfate. 


The instability of the double salts based on normal titanium sulfate to water is indirect procf that itis 
impossible for normal titanium sulfate, THSO),, in aquecut solutions, This compound can probably 
exist only in anhydrous media and under the influence of water is converted into the basic sulfate of is hydre- 
lyzed to titanium hydroxide. 


S. M. Kirov Kola Branch of the : - Received October 27, 1955 
Academy cf Sciences of the USSR. 


LITERATURE 
(1) Geiman Patent 508, 110 (1927). 


[2] A. Rosenheim and O, Sctiitte, Z. ancrg. Chem., 26, 239/57, 252 (1991). 


| 

| 3 “a 


4-NITRO-2-PHENYL-1,3-INDANDIONE | 
V. N. Zelmen and G. Ya. Vanag 
(Presented by Academician B. A, Kazansky, February 22, 1956) 


2- Phenyl-1,3-Indandione finds use as a blood’ anticoagulant and as a rodenticide. For the purpose of increas= 
ing Its toxicity in the latter case it seemed of interest to synthesize those nitro derivatives of phenylindandione ta 
which the nitro group is found in the phthaly] ring. Of these the 5-nitro-2-phenyl-1,3-indandione (1) is described 
in the Hteratuse, while attempts to prepare the 4-nitro-2- phenyl-1,3-indandione (11) have failed up to now. Howe 
ever, in order to study the influence of the nitro group on the physiological activity of ‘ere asa tie of 
the nitro group position ft was important to — compound (I). 


2-Phenyl-1,3-{ndandione and many of its derivatives are frequently prepared by the fsomerization of the | 
corresponding benzalphthalides with sodium methylate in methanol solution, while the benzalphthalides are ob- 
tained either by condensation of the corresponding phthalic anhydride with phenytacetic acid in the presence 2 
anhydrous sodium acetate or by condensation of the corresponding phthalide with benzaldehyde, 


Leupold [1] condensed the anhydrides of altrophthalic acids with phenylacetic acid for the purpose of obtata~: 
ing the corresponding benzalphthslides, but here he was successful in obtaining condensation only with 4-nitro-. 
phthalic anhydride, Promounced tarring occurred when he used the 3-nitrophthalic anhydride and he was unable. = 
to Isolate any reaction products, Recently these experiments were repeated by Escola [2] and Klosa [3] and {so- 
merization of the obtained nitrobenzalphthalides gave them (Q. 


We were successfua in finding conditions under which the 3-nitrophthalic aniydride condenses with phenyl- owe 
acetic acid to give the corresponding nitrobenzalphthalide, and isolated the latter in 22% yleid, Here the forma- 
ifon of the two nitrobenzalphthalides (IID and (IV) is theoretically possible. Judging from the properties of the 
isolated substance, here we obtained an individual compound, and not a mixture of the two fsomess, as {s the case 
for the 4-nitrophthalic anhydride, Of-the two possible tsomers and T-nitro-3- 
benzalphthalide (IV) — we fee] that the latter (rv) is the more — 


Isomerization of the obtained nitrobenzalphthalide with sodium methylate in methanol solution gave us 
the desired 4-nitro-2-phenyl-1,3-indandione (II) as red crystals, It was characterized by preparing its phenyl- 


hydrazone, semicarbazone and anil, in which connection the mono derivative, of the (V) type, is 
formed. 


| yo yo (vy CHGH, 


CXPERIMENTAL 


4 Nitrobenzalphthalide (111). A mixture of 27 g of phenylacetic acid (in.p. 75°), 35.5 g of 3 nitrophthalic 
anhydride (m.p. 163-1€4°) and 1 g of anhydrous sodium acetate was thoroughly stirred until homogencous. The 
mixture was placed in a short-necked flask, fitted with a thermometer and wide outlet tube, and heated rap- 
idly in a sand bath to 200° (thermometer in te miature),-  Acaction sct in and water began to drip from the 
— tube. Then the miatwe was heated cautiously, making sure that the temperature did not cise above 

225-230°, Vigorous decompusition began-above this temperature: the phenylacctic acid distilled and the 
pi in the flask turned Into a black tarry mass, from which the 4-nitrobenzalphthalide couldno longer be isolated, 


About 2-3 ml of water distilled if the indicated temperature regime was observed, after which the 
teurperature dropped rapidly. Heating was discontinued, the mixture was permitted to cool slightly, and the 
viscous brown liquid was poured into alcohol (approximately 150 m]). Yellow needles of 4-nitrobenzalphthalide 
deposited. To remove any unreacted 3-nitrophthalic anhydride and phenylacetic acid the precipitate was 
boiled with water and the hot solution filtered. There remained 11 g of 4-nitrobenzalphthalide (22.4% of 
theory) on the filter. After recrystallization from glacial acetic acid or alcohol, m.p. 153-154°. 


Found N 5.42, Cy,H,ON. Calculated &: N 5.24, 


_ 4-Nitro- 2- phenyl-1,3-indandione (1D). A mixture of g of 25 ml of methanol 
and 50 ml of 3% sod:um methylate (prepared. by dissolving 1.5 g of sodium in methanol) was heated on the 
water bath until the nitrobenzalphthalide had dissolved completely. The dark red solution wa: fikered. A 
smal" arcourt of yellow amorphous substance remained on the filter, The filtrate was diluted with water and 
acidified with concentrated hydrochloric acid. Here a red precipitate was obtained, appearing under the - 

microscope as slender felttike interlaced needles, The yield of 4-nitro-2-phenyl-1,3-indandione was 4.7 g 
(94% of theory). The substance can be recry-tallized from ‘alcohol, glacial acetic acid and other erganic 
solvents. M.p. 131-133° with decomposition. 


Found N 5.35. Cy,HO.N. Calculated % N 5.24, 


Phenylhydrazone (V). A solution of 4-nitro-2- phenyl-1,3-indandione in paca acetic acid was heated 
with excess phenylhycrazine, Tiny brown needles, M.p. 183-184° with decomposition, 


Found & N 11.93. Cy;H;sO,N. Calculated N11.77. 


Semicarbazone. A water solution of 0.6 g of semicarbazide bytecode é and 0.44 g of sisinat bicar- 
. bonate wa: added to an alcohol solution of 0.5 g of the 4-nitro-2-phenylindandione and the mixture heated 
on the water bath for 2 hours. Here a finely crystalline pale- yellow precipitate was obtained, m.p. 222-225°, 
with decomposition; after recry:tallization from glacial acetic acid, m.p. 229-230° with decomposition. 


Found N 17.48. Calculated & N 17,30. 


Anil. A solution of 4-nitro-2- phenyl-1,3-indandione in glacial acetic acid was heated with excess 


aniline for 2hoct:. The red crystalline anil precipitated, After secrprelereee from glacial acetic acid, 
m.p. 240-241° with decomposition. : 


Found %: N 8.21. Calculated NB. 19. 


Institute of 
Acsdemy of Science: of the USSR 


Received January 9, 1956; 


_ LITERATURE CITED 
[1] _E. Leupold, Ber., 34, 2836 (1901), 
[2} S. Escola, Chem. Abstr., 1955, "3264. 
[3] J. Klosa, Pharinacie. 9, 682 (1954). 


SYNTHESIS OF a-PHENYL-B, B-DIARYL-8B-[N- BENZOY1)- -AMINOPROPIONIC 
ACIDS FROM N- BENZOY LBENZOHY DRYLIDENIMINES AND SODIUM a-CHLORO- 
MAGNESIUMPHENYLACETATE | 


Kher. Ivanov 
(Presented by Academician I. N. Nazarov, May 5, 1956) 


It has been shown recently that the reaction of a- with 
ylelds 8-anilino acids, and with hydramldes it yields B-amino acids (2,3) 


In this conriection {t seemed of Interest to study the possibility of adding I to Neacylated sromatic keumines. 
It was hoped that the reaction would proceed by the scheme t 


As 
NCOR 4 C,H,CH (MgCl) COONa 
A’r 
Ar OMgCl Ar 
CH LHCOONa C.H,CHCOOH 


as a result of which the unknown N-acyl derivatives of @-pheny]-8 ,8 -dlaryl-8-aminopropionic acids would be 
obtained, In this paper we describe the reaction of(Q with N-benzoylbenzohydrylidenimine (1D and with 
p-methoxybenzohydrylidenimine (11D. 


C,H, 
NCOC Hs | = NCOCGH, 


Since the literature is devoid of any information on the behavior of acylketimines.toward organomagnesium 
compounds, we first studied the reaction of II with phenylmagaesium bromice, Here it was found that the latter ; 


adds smoothly to the system of conjugated double bonds present in this acylketimine to ibs the compound N-ben- 
(Iv). 


- &1,CNHCOC,H, CHCOOH CHCOOH 
C,H, ban, 
v vi 


C,H, GH, NHCOGH, NHCOGH, 
| 435 


The experiments made ou the addition of Eto Mand IM] revealed that the desired reaction takes place In 
both cases, Here a8 B-triphenyl- acid. (V) and 
8-(N-benzoy!)-aminoproplonte acid (VI were respectively obtalued In yood ylelds, Due to the low solubility 
of N-benzoyldfary! ketimines in ether the syntheses were sun fn cther- benzene medium,.Attcinpts to Increase the 
yields by using higher boiling solvents (dloxane, ether-telucne mixture) proved unsuccessful, 


3 Acid V was boiled with acctie anhydride for the purpose of proving tie B- position of the benzoyla.nine 
group In the synthesized acids, It was postulated that under these conditions the benzoylamino acid, s!milar to 
other B-amino acids, would be desaminated, However, instead of the expected @ ,B- diphenylcinnamicacié, we 

obtained a neutral nftrogen-contalning substance with m.p, 204- 205°, which from the nltrogea content corresponds 
to the dehydration product of acid V. The stabillty of the given ‘ihitance to alkall shows that ft docs not contala 
the methoxazine ring, which would be formed by closure if the dehydration proceeded by the scheme; 


Ivanov and Ch. Ivanov [4,5] established that 4,8 ,8- tripheny]- 8 -hydroxypropionic acid under the influence 
of conc, sulfuric acid Ss transformed through 3-hy 2, 3-diphenyl-1- hydrindone into 2 
under Jonger exposure to svifuric acid the latter is sulfonated, 


In view ef the analogy in the structure of the studied acids and a ,B-triphenyl- 6-hydroxy- 
propionic acid it could be expected that they would show analogous behavior In conc. sulfuric ecid. And 
- fn fact, under prolonged treatment with sulfuric acid, acid V is transformed into 2-[p-sulfopheny]}-3- phenylindone 
' (identified as the sodium: salt), However, under short treatment with sulfuric acid the main reaction product {s 
zgain the substance with m.p, 204-205°, We were unable to establish the formation of 2,3-diphenylindone, evidently 
for the reason that together with desamination of the intermediate product, which ae be the substance with 
m.p. 204-205°, the latter also suffers simultaneous sulfonation, 


Although, as far as we know, the transition of 6-amino acids Into indone derivatives hai been achieved for 
the first time here,we believe that the facts found by us support the B-position of the Scazoylamino group in the 
Initial benzoylamino acid and give basis to the assertion that the compound with m.p, 204- 205° Is 3-benzoyl- 
amino-2,3-diphényl- i-hydrindone (vm. 


EXPERIMENTAL 
The starting N-benzoyldiaryl ketimines were cbtained by the method of Moureu and Mignonac [6] 


N-Benzoylbenzohydrylidenimine (ID. This compound is known [7,8] We synthesized it as follows, The 
boiling for 3 hours of 7,73 g (0.075 mole) of benzonitrile with excess phenylmagnesium bromide gave (CH); = NMgit 
the ethes Jayer was decanted from the reaction ‘crystals, and the latter were washed with absolute ether 
and thea suspended in 35 ml of the same solvent. A solution of 16:86 g of benzoy] chloride In an equal volume of 
ether was added to the suspension.. The mixture was boiled fo 3 hours, cooled, and the ethers layer decanted. The 
residue was washed twice with absolute ether and then decomposed with absolute alcohol under heating. The alcohol 
solutioa was filtcred and after several hours 15.10 g (70 % of N-benzoylbenzohydrylidenimine deposited from the 
fittrate , aod recrystallized from ethy] acetate M.p. 116-118* (from [7,8], m.p. 117-118*). 


Found : N 4.80, 4.84, 


(111). To a suspension of = 
obtained from 4.60 g (0,045 mole) of benzonitrile and an excess of p-anisylmagnesiurn bromide, in 30 ml of 
absolute ether was added 8.40 g cf benzoyl chloride (in an equal volume of absolute ether) and the mixture 
was boiled for 4 hours. The precipitate was washed with absolute ether and decomposed with absolute alcohol, 
The alcohol soiution was filtered, cooled, poised into 150 ml of water, and acidified with acetic acid, The 
resulting oi] was washed with water and rubbed with a glass rod, when slow crystalhzation set in, The crystals 

were rubbed with a small amount of alcchol, filtered, and recrystallized from ethy] acetate. Yield 6,80 me 
(48%. M.p. 105-108", After a second recrystalhzation the product melts at 106-108*, 


Found %: N 4,25, 4.28, 
Calculated N 4.44 


N-BenzoyliriphenyImethylamine (IV), To an ether solution of phenylmagnesium bromide, obtained from 
0.40 g of magnesium and 2.40 g of bromnobenzene, was added 3.30 g (0,015 mole) of il, dissolved in 30 ml of 
absolute benzene, The mixture was boiled for 1 hour. The next day the usual treatment gave 2.60 g (about 
€2%, of N- ~benzoyltriphenylmethylamine, which was aprndeneiesa from alcohol, M.p. 164-165° (from [9}, 


m.p. 165.5). 


Cy.HyNO. Calculated %: N 3.85. : 


The boiling of 0.50 g of IV with cone hydrochloric acid Ae 8 hours gave 0.10 g of benzole scid and .: 
0.22 g of a crystalline substance, After three recrystallizations from alcohol the latter melts at 159-161°, 
the same as its mixtwe with uipheaylearbinoL 


a ,8 ,B- opionic Acid (V).. The necessary 
obtained by the method of [10] from 0.24 g = magnesium, 1,00 g of isopropyl] chloride and 1.58 g (0.01 mole) 
of sodium phenylacetate, To its suspension in 45 rl of ether was added 2,14 g (0.0075 mole) of II, dissolved 
in 15 ml of absolute benzene. A precipitate fi«emed. After 6-hour boiling on the water bath the mixture 
was decompaxed with ice water and hydrochloric acid, The crystals were removed and the ether- benzene 
solution was extracted with 5% alkali, The alkaline extract and crystals were combined and heated unyil the 
latter dissolved, The solution was filtered and poured into 100 ml of 1:1 hydrochloric acid, The precipitate -. 
was filtered washed with watez, and boiled for 10 minutes with 5-6 ml of alcohol, After cooling there was — 
isolated 1.55 g (497) of crystals with m.p, 234-235°, which were secrystallized from ethyl acetate. Mp. 

238 239° (with decomposition). 
Found N 3.20, 
Cakvlaied$@: 
a ,8-Diphenyl-8-[p- methoxypheny]}- B - Acid (VD. This compound was 
<ynthe-szed in the same manner as otid Ve The yield was 53% of the theoretical, The crude acid melts at | 
210-212°, and after recrystallization from alcohol or ethy] acetate, it melts at 214-215° éecom- 


position). 


Found %: 3.06, 3.08% 


Action of Acetic Anhydride on Acid ¥. A mixture of 1 g of V and 5 ml of acetic -anhdiide wae boiled 
for S hours, Hydrolysis with water and neutralization with alkali gave 0.90 g of crystals, which were recrystal- | 
lized from ethyl acetate. 204-205°. With conc. sulfuric acid the product a color, Indoes 
not undergo change when ueated with 16% sodium hydroxide for 2 day, 


Found %: N 3.43, 34% 
Calculated %: N 3.47. 


Action of Conc, Sulfuric Acid on Acid V. ay Acid V (0.50 g) was shaken with 5 ml of sulfuric acid 


J 
- . - 


(d 1.84), The resulting dark green solution was allowed to stand for 5 hours, Further treatment was by the 

Ch, Ivanov method [5 We fsolated 0.18 g (about 407) of the sodium salt of 2-[p-sulfopheny!)}-3-phenylindone 
(identified by its mixed melting point with an authentic specimen), 0.05 g of substance with m.p, 204- 205° 
{identical with the reaction product of acid V with acetic anhydride) and 0.05 g of mixed unchanged starting 
acid V and benzoic acid, 


b) A mixture cf 0.50 g of acid V and 5 ml cf ccnc,. sulfutic acid was shaken fia 5 minutes and worked - 
_ up the same as in the first case. We Ss: lated 0,25 g substance with m.p, 204-205°, 
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THE THERMAL DECOMPOSITION OF LITHIUM ALUMINUM HYDRIDE 


Mikheeva, M. S. Selivokhina and O. N. Kryukova 
(Presented by Academician L L, Chernyaev, February 29, 1956) 


The reducing properties of aluminum hydride, so strongly manifested in reactions proceeding in 
ether medium [1], can also appear ff the lithium aluminum hydride is heated alone with the substance being re- 
duced. To use lithium aluminum hydride under these conditions it was interesting to determine the point at which 
its therma) decomposition kegan and alo the rate of hydrogen evolution with increase {n temperature, 


The Uthium aluminum hydride was prepared by a modification of the method used by Schlesinger and co- 
workers [2]; the white, well forrned crystals analyzed 98% LiAIH, the remainder was its hydrolysis products, 


Pox the. t 2] decomposition study 2 0,1-0,2 g sample of the compound was placed fn a sInall quartz 
crucible, Mned with magnesium oxide, where one junction of a combination thermocouple of the type used for 
differential thermal analysis (3] was insested, The second junction of the thermocouple was ‘ in a similar 
crucible, filled with fused aluminum oxide, which was taken as the standard, : 


Both crucibles were placed In a quartz test tube, connected to a gas burette, The test tube was heated in an 
electric oven fitred with a heat regulator, which permitted obtaining a heating rate of 2-3", 


The thermocouple readings, both direct and differential, weze recorded with a pyrometer of the N, S, Kumakov 
type. Prior to the start of heating the test tube with substance was thoroughly evacuated and thea filled with nitro- 
gen. Ia rete asae heating a recording of the temperature change and a visual reading of the amount of hydrogea 

envolved were made at the same time, 

An ofa for the beating 
of 0.113 g of lUthium aluminum hydride and the 
subsequent cooling of its thermal] decompositioa 
product {s shown in Fig. 1; An examination of the 
thermogram reveals that lithium aluminum hydride 
shows complete thermal stability up to 140-145°, 
Some hydrogen evolution begins sbove this tempera- 
ture, accompanied by heat absorption, The heating 
curve shows three endothermic effects, noted on both 

_the direct and, with especial clarity, on the differ- =. 

ential heating curve, This heat effect is due to the 

__ intense evolution of hydrogen, which proceeds § 

several stages, At first approximately half of all of 
the hydrogen contained in the compound Is evolved 
at 154-161", then another one fourth is evolved at 
197-227°, and finally, the remainder of the hydrogen 
is evolved at 580-586", at the same time being 
accompanied by melting of the specimen, Asa 
whole the hydrogen evolution is quantitative — about 
130 mL 


& 


mi of evolved gas 


i 
} 
1 
i 
4 
i 
4 
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From the cooling curve data, which show an exothermic effect at 609°, the decomposition product ts 

_ @ binary aluminum-lithium alloy, containing 15-16% of lithium [4], The composition of this alloy is shificd 

_ somewhat, with its dystectic point corresponding to fusion of the Al-Li meevers at 718°, apparently due to 
perial reaction of the ithium with the crucible lining material, 


The results of the peesent study are of interest for the reason that they show both the thermal stability of 
-luthium aluminum hydride up to a tempezsature of 140-150° and the steplike character of hydrogen evolution 
duricg its thermal decomporttiod in the interval 150-586°, On the other hand, the formation of a binary 
aluminum- lithium alloy in the thermal decomposition of lithium aluminum hydride indicates that in principle 
we have here a new method of obtaining alumtnum alloys. If all of che operations involved in the synthesis 

of lith{um aluminum hydride and in {ts thermal decomposition are run under conditions that exclude the presence 
- of traces of both moisture and afr, we-can then obtain the alloys in a high state of purity, 
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ALKYLATION OF FERROCENE 


Academician A. N. Nesmeyanov and N. Kochetkova 


The alkylation of ferrocene with zlkyl halides in the presence of aluminum chloride has not been des- 
cribed in the literature, It was communicated very recently by Riemschneider and Helm [11) that the Friedel © 
Crafts reaction no general significance for ferrocene, They were able to acylate ferrocene using 
oxalyl chloride, and 10 it with bromide, isopropyl chloride and chloride in carbon bi- 
sulfide, 


We were the first to accomp)ish_ =the alkylation of ferrocene with alkyl halides in the ee of sohydeous a 
aluminum chloride, As solvent we used an excess of the alkyl halide, ~ : 


Thus, from ferrocene and ethyl bromide we obtained me mono-, di- and polysubstatuted ethylferrocenes; 
from n-butyl chloride the mono-, di- and polysubstitured butylferrocenes (with the structure of the butyl group 
being unknown); from dichloroethane we obtained diferrocenylethane and higher molecvlar products, and from 
benzyl chloride we ebtained bensyMertarene, © In general the total yield of the alkylation egret was beta 
oder of 20-30%, 


Some of the above compounds were also recently obtained by one of us $ with N, PS ‘Votkenau [9] in the 
C:emmensen reduction of ferrocene ketones, The lower 2lkylferrocenes aré red liquids, capable of being dis- ze 
tilled in vacuo without decomposition, The polyalkylferrocenes are viscous red oils with b. | 180-220° at 

&-S mm, 


The fact that ferrocene can be alkylated by the Friedel-Crafts method is new evidence of it its scmooiie 
nature [1-10], 


Ethylation of Ferrocene. To a solution of 40 g out dry ferrocene (m.p. 173°) in 150 ml of an bromide 
at room temperature and with stirring was added 15 g of anhydrous aluminum chloride (heat was evolved), - 
Thea with constant stirring the reaction mixture was heated at the boil for 5 hours, after which it was cautiously 
ecomposed at first with ice ,and thea with a mixture of ice and 10% hydrochloric acid. To the mixture, which © 
<epatated {nto two dark layers that were hard to distinguish, was added 10 g of sodium sulfite; after filuation 
the lower red-brown layer was separated and dried over calcium chloride. The ethyl bromide was removed a 
by distillation (80 ml, which wasre- usable in the synthesis after ordinary purification); the residue was vacuum- _ 
heated for a long time (115° at 25 mm); here 1.5 g of ferrocene was recovered by sublimation, The oily residue 
was then fractionally in vacuo, The yield of was 1.8 (4% of the 
bp. 107-198°/S mm, nb 1.6011, 1.2470. 


Found 9: C 67.84, 67.82; H §.70, 6.88; Fe 25, 50, 2. 56, 
CyHyFe. Calculated %: C67.32; H 6.55; Fe 26.13, 


The dark red oil, insoluble in water, is readily soluble in organic solvents, : 
We also obtained 1.9 g (3.5% of the theoretical) of diethylferrocene, b.p. 120-123°/5 mm, nd 1 5852, 


Found <2: C 69,73, 69.58; H 7.32, 7.23; Fe 23,00, 22.82, 
Calculated C 69.51; H 7.40; Fe 23,09, 


This compound is also a dark red oil, insoluble in water, and readily soluble in organic solvents, 


| 

i 


We alo cbtained 2.0 g (3.5% of theory) of mixed tricthylferrocene fsomers, b.p, 145-153°/5 mm, 


Found 4: C 70,76, 70.59; H 7.53, 7.59; Fe 21.10, 21.41, 
Calculated C 71,20; H 8.15; Fe 20.65, 


Butylation of Ferrocene, Under similar conditions (heating for 6 hours at 70-75*) from 40 g dry ferrocene, 
170 ml of n-butyl chloride and 15 g of anhydrous ahemiontn chloride we obtained 3.1 g (7.6% of we a 
b.p. 108°/3.5 mm, nb 1.5701, 1.1859, 


Found 41 C 70.69, 70.74; H 7.82, 7.69; Fe 21.76, 21.28, 
CytyFe. Calculated 69.51; H 7.40; Fe 23,09 


Dark red ofl, insoluble in water, and readily soluble in organic solvents, 
25 g 2%e of theory) of dibuty ferrocene, b.p, 155-157°/3.5 mm, nb 1.5649, 1.1432, 


Found %: C 73.52, 73.33; H 8.46, 8.69; Fe 17.88, 18,01, 
Fe. Calculated C 72.56; H 8.71; Fe 18,73, 


"Dark red oll, insoluble in water, and readily soluble in organic solvents, . 


Also 11,5 (16.5%) of theory) of mixed (Analysis of the 


products, boiling in patrowe: temperature 138-132/7° 1074 mm, 1456-14677 1074 min, 10 “4mm, 
gavesimilar results). 


Found 77.17, 77.24; H 9.57, 9.70; Fe 12.55, 12,50, 
CyHyFe. Calculated is 17.403 H10.60; Fe 12.00, 


_ Dark red viscous oil with b.p, -19°. Here 7.5 g of ferrocene (m.p, 172) was recovered, 


~ Benzylfesrucene, Under similar conditions frm 20 g of ferrocene, 85 m) of benzyl chloride and 6 g of 
aluminum chlcride we obtained 3.5 g of a darkdelusuescent mass and recovered 15 g of ferrocene by vaccum- 
Gistillation, Aiter recrystallization from absolute alcohol and long cooling we obtained 1.5 g of benzylferrocene, 
m.p. 55-57. 


Found &: C 74.33, 74.19; H 6,10, 6.21; Fe 19.28, 
Calculated C 73,97; H 5.81; Fe 20.22, 


Benzylferrocene is a yellow crystalline substance, readily soluble in ether, benzene, dioxane and petro- 
leum ether, less readily soluble in aqueous alcohol, and insoluble in water, 


Diferrscenylethane, Under similar conditicns we reacted 20 & of well-dried ferrocene (m.p, 173°), 
75 ml of dry dichloroethane and 6 g of anhydrous aluminum chloride, After decomposing the reaction mass — 
in the usual manner the product was isolated as follows, After removing the solvent and heating with super 
heated steam (110-115°) we recovered 7 g of ferrcene, The residual tarry mass dissclved almost completely 
in 100 ml of 1:1 nitric acid (dark green solution); the addition of excess sodium sulfite gave an egg- yellow 
microcrystalline precipitate of diferroceaylethane, which after recrystallization from absoline alcohol melted 
in a sealed capillary at about 135°, The yield was 11.5 g (27> of theory). 


: bedi ee Found &: C 66.66, 66.71; H 5.66, 5.63; Fe 27,60, 27.61, 
Fe. Calculated C 66. 49; H5, 54; Fe 27.97. 


Diferrocenyiethane is a yellow crystalline substance, readily soluble in ether, benzene, dicnan and 
petroleum ether, less readily scluble in aqueous alcohul, and insoluble in water. 


When rhe amount of aluminum chloride was increased to 10 g and the reaction time to 25 hows we * 
obtained, together with other products, 2 g of a brown powdery high-molecular polymer, When the polymer 
was oxidized with 0,1 N potassium dichromate in sulfuric acid solution under static conditions it proved to 
have an oxidation capacity of 2.8-3.5 mg.-equlv. per gram of air-dried resin,. The reduction was run with 


excess ascorbic acid, This high polymer is the first known member of the organoiron electron- exchange 
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CONVERSION OF CYCLOHEXENE ON DEUTER ATED ALUMINOSILICATE 
CATALYST 


G. M. Panchenkov, Z. Vv. and L. G. Ganichenke 
: (Presented by Academician B, A. Kazansky, January 3, 1956) _ 


The conversion of cyclohexene on aluminosilicate catalysts has been repeatedly used to study the properties 
of these catalysts, A. A. Petrov and V, V. Shchekin [1], in studying the conversioa of cyclohexene on synthetic 
aluminosilicate at 260-316°, showed that the monomer fraction contains cyclohexane, cyclohexene, methylcyclo> 
pentane and methylcyclopentene, while the polymer fraction (composed mostly of the dimer) contains cyclohexyl- | 
methyleyclopentane and phenylmethylcyclopentane, L.e¢., the same products that were found by N. D. Zelinsky and 
co-workers in the isomerization of cyclohexene on oxides [241 It was shown by K, V. Tepchieva [5] that cycler 
hexene at 350° In the presence of an aluminosilicate catalyst undergoes the following strona. 


polymerization 


In the above cited work it was found that the fsomerizing action of the catalyst increases as site alendeue 


oxide content {s increased up to 16% Further increase in the aluminum oxide content of the catalyst does not 
affect its fsomerization activity. 


In our work we used a deuterated aluminosilicate catalyst composed of 35.5% isi: and 64.54 5% S10s, and 
containing 185m-equix of D per 109 g of catalyst [6 The rezction temperature was 350", and the space velocity . 


was varied in the limits of 0:13 to 3.00 Automatic feeding of the cyclohexene to the 
volume of catalyst» hour 


catalyst was used, The experiments were run in a flow system, The apparatus was similar to that used to study ay 
cracking of cumene [6]. The cyclohexene was obtained by passing cyclohexanol oves anhydrous magnesium sulfate 
at 300° in a slow stream of dry nitrogen, The catalyzate was dried for a day over fused calcium chioride, and thea 
it was boiled for 40 minutes with metallic sodium in a Favorsky =a after which it was disiilied, The constants . 
of cyclohexene obtained in this manner were: b.p. 83°/760 mm; 05 1.4469; d7'0.8095, 


The catalyzate from the cyclohexene {somerization was collected in a receiver, cooled in a mixture of dry 
ice and methyl alcohol, and then distilled from a quartz Favorsky flask into the monomer (up to 85°) and polymer 
{above 85") fractions, To determine the percent conversion by isomerization a part of the monomer fraction was — 


hydrogenated over nickel-on-aluminum oxid= catalyst (oacketeing 30 mole % nickel) at 180° and a ee ae 
of 0.15, This catalyst had long constant activity, 


The hydrogenation was run until a Constant refractive index was obtained, The refractive index of the 
hydrogenation products was measwed on an IRF-22 refractometer with an accuracy of & 0.0002, As experiment 


; 
é- e . 


revealed, the hydrogenation was complete in onc pass of the substance over the catalyst, Prom Table 1 ft can be 
seen that a second hydrogenation of this fraction did not change its Index of refraction, 


Hydrogenation of the monomar fraction gave a mixture of cyclohcxane and methylcyclopentane, The 
amount of methylcyclopentane fn the hydrogenated portion of the catalyzate corresponds to the sum of the methyl- 
cyclopentene and methyleyclopentane, and shows the percent of fsomers {n the monomer fraction, The amount 
fn percent of both components (incthyleyclopentane and cyclohexane) was determined from the graph showing 
the tclauionslilp between ecfractive index and composition (T}, 


The presence of deutcrated products does not influence the refractive index of the mixture, since the re- 
fractive Index of wholly deuterated methylcyclopentane differs from the refractive index of the nondeuterated 
compound i a valve that fs within the Minits of errot of our measurements (8); in our case partially deuterated 


products were present. 

The from the monomer and 
fractions were burned in a quartz apparatus In a steam 
of pure dry alr over copper oxide at 700°, The water 

‘that was obtaincd was purified by the method 
used to purlfy small quantities (9) and was analyzed 
for the amount of heavy hydrogen by the method of 
finding the temperature at which a quartz float shows 
fiotational equilibrium [10], The analysis accuracy 
was 4 Sh, The results are given in Table 1, 


From Table 1 St can be seen that when the space 
vol, of substance 
volof catalyst*hour 


velocity focreases from-13103.00 


the degree of cyclohexene Isomerization changes - 
from 100 10 §4%, At the same time the degree of 
deutetation based on reaction of the hydrocarbons 
with the deutcrated catalyst is very greatly diminished, 
As can be seen from this table, the amount of heavy 
hydrogen in the monomer and polymer fractions shows 
a respective decrease of 30- and 20-fold, If we con- 
struct a graph showing the relationship between the 
amount of heavy hydrogen exchanged and the degree 
of isomerization {n percent, we obtain two straight 
Fig. 1. Relationship between the amount of heavy _. Unes that Intersect the horizontal axfs at about 50% 
hydrogen in the monomer (D and polymer (ID ; (Fig. 1). As a result, we see that the exchange of 
fractions and the degree of ne hydregen by the hydrocarbons for heavy hydrogen 
_ is completely terminated at a point where the per- 
cent conversion based on Ssomesization fs still very iis (5079. With space velocities above 3 for the cyclohexene 
the fsomerization process is still quite profound, but the exchange of hydrogen by the hydrocarbons for the dcu- 
terium of aluminosilicate catalysts fs practically nonexistent (see Table 1). In the case of the examined re- 
action the exchange of the two kinds of hydrogen ceases completely when the space velocity is increased 22 | 
- times, while in the case of cumene cracking on a deutcriated aluminosilicate catalyst, as we had shown (6), 
the exchange of the two kinds of hydrogen ceases when the cumene feed rate is only doubled. In both cases 
the amount of hydrogen exchanged between the catalyst and the hydrocarbons slows more rapidly with space 
velocity increase than does the amount of transformed hydrocarbons in the final products of Isomerization and 


polymerization or cracking. and the amount of deuterium migrating to the hydrocarbons shows regular diminution 
in peoportioa to the amount contained {n the catalyst. 


Tsomezization 


From our experimental data on the relationship octween the percent of cyclohexene isomerization and the 
space velocity (Table I) it Is possible to derive a kinetics equation that characterizes this process, It wasshown 
by calculation that the isomerization reaction obeys the equation 


k= [- In y)- xh 


: 
i 
i 
i 
| 


TABIE 2 
Experimental Results 


Space :Timein| nj ofthemonomer | %convenion | Amount of heavy hydrogen 7 
velocity: minutes] fraction after hydro- by fsomeriza- 
genation 


Hydro- ;Hydro- “monomer fraction polymer fraction 
genation genatioa 
I 


0.13 1.4096 1.4096 

0.13 1.4100 | 1.4106 

0.54 1.4120 | 1.4120 

1,04 1.4141 | 1.4142 
1.5 1.4160 | 1.4160 - 62. 
3.0 1.4175 | 1.4175 - & 


Here k = k*S,, where k* is the true reaction rate constant; S, is the per unit of: 
my isthe number cf = moles of starting substance that enters the reaction zone per unit of time; B = =r iby) - 
is the sum of the products of the adsorption coefficients and the stoichiomeuic coefficients for the decom- 
position products, hindering the process; 1 is the length of the catalyst layer; « is the amount of reacted sub- 
stance in relative units, The desivation of this equation and its application to different types of reactions on 
aluminosilicate catalysts are given in the studies of one of us (11-1S}. For the examined réaction the apparent 
rate constant K = kb/B proved to be equal to 0.04, 


Both 1somerization and exchange took place when cyclohexene was passed over deutzrated aluminum 
oxide, containing 145 M-cwviv. D per 100 g of Aly, at a space velocity of 0.74 and a temperature of 350°, 
When the obtained monomer fraction was buined the amount of heavy hy — in the water proved to be 
equal to 515 7. 


Neither cyclohexene isomerization noe exchange of hydrogen by for the deuterium of the | 
catalyst occuried on a deuterated si'icon dioxide at 450°, 
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EQUILIBRIUM MIXTURES OF FLVE- AND SIX-MEMBERED CYCLENES” 


Al. A. Petrov 
(Presented by Academician A. V. Topchiev, March 7, 1956). — 


The problem of the equilibrium concentrations shown by cyclenes at 250-400° was studied in the jvesent 


work, As catalyst we used aluminum oxide activated by hydrochloric acid,and synthetle aluminosilicate. Equi- 
Ubsium was approached both from the side of the six-membered cyclenes and the five-membered rings, Our exe - 
perimental data are given in Table 1, where the concentrations (ia volume %) of the hexamethylene hydrocarbons 


TABLE 1 
Concentration (in Volume %) of Hexamethbylene Hydro 
carbons in the Obtained Catalyzates 


Starting hydrocarbon} On alumino- On activated 


sillcatecata-— aluminum 
lyst oxide 
250° | 300° }400° 300° | 400° 
1-Methy}-1-cyclo- 
pentene <4 - <5 j- 
1-Methyl-1-cyclo- 
hexene 61 39 | 21 {| 18 | 13 
1-Ethyl-1-cyclo- 
pentene ‘55 34 | 27 | 20 
1,2-Dimethyl-1- 
cyclopentene 20 = - - - 
1,3-Dimethy]-l- 
cyclopentene 15 - - - 
1-Ethyl-1-cyclo- 
_  hexene 65° | 39 | 38°) 20 | 
1,3-Dimethy]-1- 
1-Propyl-1-cyclo- 
hexene | 24 
Allyicyclohexane 64° | - - 
1-Butyl-1-cyclo- 
1-Hexyl-1-cyclo- 25 
hexene |- 
1-Heptyl-1-cyclo- 20 
pentene 


in our obtained catalyzates are indicated, 


It $s evident froin these data that the come 
positions of the lsomeric transformation products of cy- 
clenes on aluminosilicate catalyst and on activated 
aluminum oxide are quite different. Since the lso- 
mezization proceeds quite smoothly on an activated 
aluminum oxide, it follows that the composition 
of the final isomeric transformation products (with 
respect to the amount of penta- and hexamethylene — 
hydrocarbons) {s approximately the same with any) 
starting cyclene, All of this indicates that practically 
complete equilibrium fs attained, The general tend- 
ency shown by six-membered napthenes to become 
less stable with temperature rise, well known for 
cyclanes, {s also retained for the cyclenes, (Un- 
fortunately, we were unable to obtain any data on the 
tsormerization of cyclenes at 250°, since at this tempera- — 
ture the activated aluminum oxide was characterized 
by slight activity). 


The very deep fsomerization shown 
hexene into methylcyclopentenes (primarily 1+methyl- 
1-cyclopentene) attracts attention; this is associated | 
with a large free energy change for the transition of 
the double bond at the secondary carbon atoms of 
cyclohexene into a double bond at the iertiary carbon ~ 
of 1-methyl-1-cyclopentene. In the case of cyclanes, | 
where this situation does not exist, the equilibrium con- 
centrations of methylcyclopentane, both the calculated 
and those found experimentally, are somewhat icatated 
(of the ordex of 15-85%) {3}. 


Since the free energy values for the cyclenes 
(other than cyclopentane and cyclohexene) were 
not determined by us, the changes in the free energy 


- 
{ 
- 
| 
| | 
{ 


values in golng from a double bond at two secondary cathius to a double bond at a tertlary carbon In cyctenes 
can only be illustrated by an approximate comparison with the corresponding aliphatle hydrocarbons, 


Thus, 4Z° for the reactlon; C — C#C C C — —C — C cquals 1700 cal ./moje 
(here and later the 42° value for 600° wile BZ° fie the reaction () ~ | | cquals 2080 caJ./ mole, 


Froin this is possible to calculate’ the value for the reaction ) as being equa) 


2800-4000 cal /mole, which determincs < concentration of cyetohenene as being In the range of 
3-49, 


As first glance, it om that the data obtained on the aluminosilicate eaaly and on the aluminum oxide 


However, it must be remembered that sedilidin redistribution also pital on the aluminosilicate catalyst, 
leading to the formation of cyclanes. This reaction is so pronounced thatat the very end, under certain conditions, 
the catalyzates primarily contain hydrogenated products, We will mention in passing that the saturated products 
(cyclanes) are cheinically inert at these temperatures, and actually fai} to participate In the reactions proceeding 
ou the catalyst, All of these considerations serve as good explanations for the high concentrations of hexamethylenes 
found fi the catalyzates of six-membered cyclenes, but the results obtained and butyl- 
cyclopentene require additional explanations, 


As a matter of fact, the process of hydrogen redistrtbutfon among five-memibered cyclenes proceeds with no 
less vigor than for the six-membered cyclenes, It follows that there is no explanation for the fact thet 
large amounts of hexamethylene hydrocarbons are formed in the catalyzates obtained {n the transformations of 
l-ethyleyclopentene and 1-buty]-1-cyclopentene, 


In our opinion, the reason for this phenomenon {s to be sought in the relative thermodynamic Instability shown 
by cyclenes with Jong side chains (for example, the equilibrium concentration of ethylcyclopentane in a mixture 
of cyclanes at 327° Is ony 157), and also in tie fsomerization mechanism prevailing for hydrocarbons of this 
structural type, 


As was mentloned earlier fsomerization of the type c | apparently proceeds through 


series of successive transitions of five-membered cyclenes into six-meinbered cyclenes and back to the formation 
of hydrocarbons with the highest thermodynamic stability under the given conditions, Similar opinions relative 
to the isomerization mechanism of cyclenes and cyclanes have been expressed by other authors (3,4, - 


The isomerization of 1-ethyl-1-cyclopentene into the 1,2- and 1 can be 


Here the process goes to completion on the activated aluminum oxide and, in all probability, on the alumino 
silicate catalyst there occurs considerable saturation the intermediate 


Uf the starting cye hydrocarbon has a thermodynamically stucture, then the ng expansion 


¥ 


reaction prvceets on the aluntnoslicate catalyst to approximately the tame degree that ft does.in the presence 
cf the activated aluminum oxide, as can be teen from the ees of 1 ,2-dimethyi- 1-cyclopentene and 
3,2 dimer’ yb I-cyclopentene t*omerization, 


The isomer zation of the cyclenes was :tudied tn a flow system, The catalyst (aluminuin oxide, activated 
with IN hydrochlone acid solution (5), or synthetic aluminosilicate) 14 91 amount of 50 ml was charged into a 
glass reactor, heated in an electric furnace. The crude was added from an automatic burette at a space velocity 
of 0.6 mi/hour, The collected catalyzate was and the fraction corresponding to the boiling range 
of the starting hydrocarbon isomers was collected, Then the fractions obtained from the experiments run on 
act:vated aluminum oxide were hydrogenated, the Jow- boiling on platinized charcoal at 120°, and the — 
boiling in an autoclave over Raney nickel," 


The amount of hexamethylene hydrocarbons in the products was deverminti by 
tfon over platinized charcoal at 305° and subsequent absorption of the aromatic hydrocarbons in 98% sulfune acid. 


The monomer fractions, {solated from the experiments run on the aluminosilicate. catalyst, were again | 
pawed through a fresh portion of the aluminosilicate catalyst under the same conditions, | : 


The monomer fractions fsolated from the second pass were usually fully (oromine 2-4), 
The amount of hexamethylene in these fractions was then as be fore 
over platinized charcoal 


The hydrocarboas used in our work were obtained by synthesis, and in most cases es by the Giijgnsid reaction, a 
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HYDROGEN EXCHANGE REACTIONS OF 1-METHYL-1-CYCLOHEXANOL © 


Setkina and. Corresponding Member, Acad. USSR DLN. Kussanov 


Same new data was recently obtained on the reaction of tertiary alcohols with strong mineral acids, As the ee 
result of making some. cryoscopic studies of trimethyl- and triethylcarbinol in sulfuric acid solution, Newman, - 
Craig and Garret {1] established that the {sotonic coefficient in these cases reaches a value as high as 4, On the 


basis of this data the reaction of tertiary carbinuls with H,SO, was by Equation which the 
formation of carbonium (D fons, 


R 
Ra OH H,0 + 2HS0,. 


Recently V. F. Lavrushin (2) the formation of fons type on basts of 
the absorption spectra of aimethylearbinol solutions in concentrated 


Consequently, the reaction of tertiary alcohols with strong mineral acids reveals the scastsiniey of obtaining 
ihe studying the hydrogen exchange reactions of those carbonium fons that, In contrast to the cases studied by us 
earlier [3], do not have the hydroxyl group attached to the carbonium carbon, 


Using the above as a guide, we studied the hydrogen exchange reaction of 1-methyl-1 soibbehaiaioes with 


deuterium-enriched phosphoric an Based on the discussed data the reaction of pee substances can be depleted 
by Equation (2): 


Cc —CH a 


The hydrogen exchange experiments with 1-methy}-1-cyclohexanol were run at—5 to 0°, The homogeneous 
solution, obtained on mixing the alcohol with D3PO,, was poured into aqueous potash solution (the volume of the 
solution varied from 100 to 700 mi), and the alcohol was extracted with ether and distilled from calcium hydride, | 
The deuterium content in the alcohol was determined by the increase in density of the combusticn water, determined 
by the float method, The results of the experiments on the exchange of hydrogen between 1-methyl-1- cyclohexanol 


and deuterophosphoric acid are given in Table 1, The reaction was run for 1 hour in Expts, 1-4, for 2 hours in 
Expts, 5 and 7, and for 4 hours in Expt. 6, 


The presence of deuterium in the methylcyclohexy] radical !s shown even more clearly in Table 2, where 


the fsotopic analysis data for the-1-methyl-1-cyclohexanol dehydration product, a mixture of 
is given, 


: 

| 

| 


Aca cousidered an experimentally established fact that in the of 1-methyl-1- 


cyckbexanol with deuter phosphoric acid the hydropen ators of the sadical this alcohol enter 
into hydrogen exchange reaction with the actd, 


However, this data still cannot be censddered as complete evidence that ft fs specifically the waitin fon 

(ID that fs involved fa the hydrogen exchange teaction, Actually, it fs possible to form methyIcyc lohexenes whea 
1-methyl-1-cyclohexanol fs dissolved Ju phosphoric acid, It is known the olcfins show a greater of lesser tendency 

_ to enter Inte hydrogen exchange reaction with acids, It can also be postulated that the 1-methyl-1-cyclohexanal 


fsolated by us fs actually the hydration product of the 1- formed during reaction (by the 
action of phosphoric acid and water), 


Consequently, it would scem possible also to the hydrogen exchange shown by 
hexanel as the intermediate formation of the corresponding cycloolefin, 


lExcess density of al- Exchange In % : Excess density of the come 


Dystiga ofthecalculated Expt. | Dustton water (in y/m) 
No. 
Mole ratio forall) 


alcoho Effanca found lof thefaa-H | hexene 
3816 


1376 3. $0149 
TILK 

1106 875 


CONN D 


| are ae me So that we could make a choice between the 
* In calculating the theoretical excess density values — two explanations given above, we studied the be- © 
ef the combustion water it was assumed that the hydro- havior of 1-methyl-l-cyclohexene under conditions 
gea of the alcoholic hydroxyl has an fsotopic composition — dat. approximated those used In studying the hydrogea 
corresponding to exchange equilitvium with the hydrogen exchange reaction of Here, 
of the water used to {solate the alcohoL i - taking into consideration the fact that waters should 
¢¢ Experiment 7 wes run with DSO, In anhydrous ether be evolved ia the dehydration of 1+methyl-1-cyclo- 
medium, The ratio ether = 1:1.1:1.5, hexanol, we studied the reaction of methylcyclo- 
a hexene with phosphoric acid in the presence of an 


equimolar amount on the cyetoolefin) of water, and we also studied the reaction of methylcyclohexene with 
anhydrous phesphoric acid (see Table 3), 


The primary result of all these experiments Was to establish the fact that wailed the conditions used by us to 
study the hydrogen exchange reacticn neither 1s 1-methy]-l-cyclohexene hydrated. nor is 1- methy]-1-cyclo- 
-. hexanol formed, Consequently, the theory that exchange in tertiary alcohols can appear as the result of the inter- 
mediately formed cycloolefins showing hydrogen exchange dces not agree with fact. | 


_ This conclusion is also supported by the fact that the 1-methyl-1-cyclohexene recovered from the reaction 
mixture with deuterophosphoric acid proved to show a much lower sectontt ee than 1-methyl-1-cyclo- 
hexanol under the same conditions, 


The above data lead to the conclusice that the shown 1-methy]-1-cyclohexanol in - 
its reaction with phosphoric acid is determined by the equilibrium reactioa in sheers the maeeereenee carbonium 
ions participitate [Equation 


In the described cipedmcaias we were unable to attain cians equilibrium in the bipdvogai exchange 
reaction of the carbonium jons with phosphoric acid, Howeve:, in some of ow experiments (for example, Expt, 
No, 2, Table 1) the number of hydrogen atoms participating in the hydrogen exchange reaction exceeds the number 
of hydrogen atoms linked to the carbons adjacent to the carbonium center. This data adds support to our theory 
[4] that hydrocarbon carbonium fons are capable of hydrogen rearrangement, accompanied by shifting of 
carbonium center along the carbon chain, 


TABLE 4 


Expt. No. Substance Relative molar Excess density of the tubstance com- | Exchange in & 
amounts, substance;] bustion water (in y/ml) of the calculated 
calculated for the found 
erchange of all H 
1-Methyl-1- 1:1,3;0 18360 56.7 
Ditto 15230 17480 88.8 
cyclohexene 1:1;1 13450 
Dino 1:1.55:0 15540 


substances ‘were {solated from Expt. 4: I) 101-193, 
1.4488, dP 0.8153, being a mixture of methyicyclohexeness 
I b.p. 148-150°/20 min, nf} 1.4955, 0.9526, being the dimer 
of the methylcyclohexenes, 


Asa result, a study of the hydrogen exchange reaction of i-methyi-1- cyclohexyicarbinol with ph 
acid revealed that the hydrocarbon ca:bonfum ion formed in the reaction of thee. substances {s capable of entering 


into hydrogen exchange with DsM0y,, in which connection qlefins do not appear as intermediate Products ” the ex- 
amined reaction, 
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SYNTHESIS AND PROPERTIES OF SOME ESTERS OF CHLOROALKYL- 
PHOSPHONIC AND CHLOROALKYLDITHIO PHOS PHONIC ACIDS 


E. Ss Shepeleva and P, J, Sania 
(Presented by Academician A, V. Topchiev, March 7,1956) 


Certain organic compounds of chlorine (alkyl! chlorides, esters of chiorostearic acid, etc.) and phos- 
phorus (trialkyl phosphites and phosphates) are good aduitives fer lubricating ofls, greatly improving their 
lubrication properties, Under conditions of high frictional Joads such additions lower the friction.coefficient 
and reduce the wear of rubbing metallic surfaces. Apparently, during friction relatively high temperatures 
are developed atthe contact points of metal surfaces, as a result of which the organic chlorine and organophos- 

“phorus compounds decompose to give the corresponding metal chlorides or the 
of a metal] surface and the retention of an cil fiim (1,2}, 


It seemed of interest to study ‘the chlorine- -containing organophosphorus compounds as additives of 
the indicated type, For this purpose we prepared and studied a number of nee and chlcro- a 
alkyldithiophosphonic acid esters (see Table 1). 


The chloromethyl- and B-chloroethylphosphonic acié esters were obtained by reacting t the acid dichlo- | 
rides with the corresponding alcohols [3-5},.° ; 


The chloromethyl- znd 8-chloroethyldithiophosphonic acid esters were obtained by reacting the acid dt- 
chlorides with sodium mercaptides according to the reaction; 


CIRPOCI], + 2R°SNa —> CIRPO(SR9g¢ 2NaCl, 


All of the esters that we prepared are colorless liquids, readily soluble in organic solvents and insoluble 
in water; when added to oils they greatly Improve their lubrication dione especially thelr antiwear ne 
perties, 


The results of studying a highly purified oil sample (viscosity 20.8 centistokes at 50 containing the 
synthesized substances in a concentration of 6 mmole/ 100 g of oil (1. 3-1,87), are given in Table 1. A four- - 
ball friction machine was used to make the tests,°° | 


From the results given in the Table it follows that wales the test conditions of the friction machine some 
4 the chloromethylphosphonic acid esters increase the critical load ., sustained by the oil, by a factor of 
it - 2 without essential increase in wear. The 8-chloroethylphosphonic acid esters are only slightly less active 
thon the chlcromethylphosphonie acid esters as aduitives. It should be mentioned that the presence of 
sulfur in the examined type of compounds (chioroaikyidithiophosphonic acid esters) fs practically without effect 
on their activity. Consequently, it can be assumed that the antiwear properties of the investigated series of 
compounds is first of all determined by the presence of the ee gOuP, containing both = 
phorus and chlorine, in the studied esters, 


Preparation of Dibuty] Chloromethyldithiophosphonate CICH;PO(SC,H,),. In a three-necked flask, fitted . 
with stirrer, reflux condenser and thermometer, Were put 2,3 g of finely comminuted sodium metal and 50-70 
ml of dry ether and with initial cooling 9 g (0,1 mole) of butyl mescaptan was gradually added from a dropping © 
funnel, The reaction was terminated when all of the sodium had reacted. A solution of 8.5 g (0.05 mole) of 


* Also see [6-10] for the pzeparation of dichloride, 
** The tests were run by B, V. Kleimenov, 
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chloromethylphosphonyl dichloride fa dry ether was 
gradually added to the mercaptide obtaincd fn this 
mariner with cooling to 0°, Then the reaction inix- 
ture was imaintained for 4 hours ‘at room temperature, 
oooooosee after which the flask contents were poured into a 
; separatory funnel with a sinall ‘amount of wates (con- 
_ taining ice). The'cther solution was separated-and 
_ added to the subscquent extracts of the water sol- 
ution, After drying the ether solution the ether 
was distilled off and the residue was fractionally 
distilled twice to give 9.0 g (66.0% of the theo-. 
retical yicld) of dibutyl chloromethy tthtophos- 
phonate, B.p, 153-154* ( 3 mh); dg 1.1411; 
£3 1.5300; MRp found 74.38, calculated 74.21, 


Found P 11,53, 11. 64; S 23.88, 23.93; 


C1 12.82, 12.98, 
P 11.27; 23.60; C1 12.91, 


| The other acid 
esters were obtained in a similar manner, 


fnaxitoum difference 


wear at P. in mm (d) 


Test results 


in kg initial 


? 


« calcd. 


found 
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Substance formula | 


vs 
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° p. of the oll = 68 kg: and wear = 0,47 mm, The substance concenation In the oi} was 6 mmole per 100 g ofoih 
The atomic refraction 


Chloroalkylphosphonic and Chloroalkyidithlophosphonic Acid Esters 


CICH,PO(OC,H, 


CICH,PO, 


CICH,Ci1,PO(OC 
_CICH,CH,PO(SC 


TABLE 1 
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THE INFLUENCE OF SOME ORGANOELEMENT co MPOUNDS ON THE 
SOLUTION RATE OF CARBON STEEL IN INORGANIC ACIDS 


S. A. Balezin and M. A. Ignatyeva 
(Presented by Academician 1, Volfkovich, January 27, 1956) 


One of the piimary ways of the rate of metals in acids, and 
hydrogen diffusion in the metal, is to use inhibitors, The inhibitors for the acid corrosion of metals, knowe in 

andustiial practice as “etching additives® and *ccrrosion are now gieat importance in the 


Although up to 2000 different substances have been tested as acid corrosion inhibitors, siiky, a few snide 
exist in which a comparison is made of the protective action shown by different inhibitors, The first review 
on the protective action shown by different classes of inhibitors was published by S, D. Beskov and S, A, Salezia 
{1 Numerous attempts have been made to classify the known inhibitors on the basis of their chemical natwe 


Substances containing nitrogen, or phosphorus, or arsenic, or antimony, or bismuth, belong t to the class ~ 
of acid corrosion inhibitors, There is no information in the literature on the use of the —— com: . 
pounds containing phosphorus, arsenic, antimony o¢ bismuth as acid corrosion inhibitors, 


The purpose of our study was to elucidate the influence shown by a number of organoelement compounds. - 
on the solution rate of steel in sulfuric and hydrochloric acidt,® 


The study was made with steel- 20 in sulfuric acid solutions ranging in normality from 1 to 10, and inl 
tS N hydrochloric acid, at 25°, The test period lasted from.3 to 6 hours, The gravimetric study method was. 
used the most, but we also used the volumetric and electrochemical methods, : 


We studied the following organoelement compounds as acid corrosion inhibitesss. - 
1) tetraphenylclement bromides: (CgH,)gPB1; SbBr; 

2) crgancphosphcrus compounds: (CgH,)4PC]; (CgH)4P1. 


From the studies made it was established that nearly all of the organoelement compounds studied by v us 
retard the solution of sieel in boih sulfiic and hydrochloric acids, 


Sharp inhibition of the solution rate of steel in the two inentioned acids begins at an inhibitor concentra 
tion of 0.5 mmole per liter of acid solution, which is roughly 0.02 wt, % With further increase in the inhibitor — 
concentration the steel solution rate shows very little change (see Fig. 1, curve for sulfuric acid), 


Of the organoelement compounds studied by us the ones with the highest protecuve action proved to be 
the tetraphenylelement bromides and iodides, which at a concentration of 0.5 mmole/Iiter in sulfuric acid — 
solution effect a greater reduction of the steel solution rate the higher the acid concentration, Reduction of 
the steel solution rate is especially noticeable in the culfusic acid concentration range of 1 to 6N; with further 


* All of the organic compounds studied by us as acid corrosion inhibitors were synthesized by us in the Institute 
of Organic Chemistry of the Academy of Sciences of the USSR, 
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{Increase In the concentration of the tnhibited sulfurte actd the stvc! solution rate remains practically constant, 
Thus, fn IN sulfuric acid the stec! solution rate In the presence of various compounds is cqual to 
0.7 g/m** hour, in 5 N it {5 0,2 g/m®* hour, and fn 10N it is a total of only 0.1 * hour; Ju pure sulfurle acid 
it dss in 5.5 g/m"? hour, in 5N- 11 hour, and fn 10N — 28,0 g/m?* hour, 


In hydrochloric acid containing the same organvelement compounds, the stec] solution rate fs sharply re- 
duced when compared with the pure actd, but In covtrast to sulfuric ach, here the stcel solution rate increases 
with increase in the hydrochlode acid concenuation. 


The Inhibitory cffect for all of the tetraphenylelement halides Increases with Increase In acid concentration, 
The most effective inhibitor of the tetraphenylelcment halides proved to be teuaphcnylphosphoniui fodide, 


The polarization curves show that the re opens bromides and — influcnce the rate of both 
the cathodic and anodic Processes, 


We noticed that in weak sulfuric acid, | inhibited with either a Sasagliscopaseids bromide or sete, the 
- steel continues to dissolve during the whole experiment (6 hours), In more concentrated sulfurle acid (5N) notice- 
. able stce] solution {s observed only in the first hours of the experiment, and then {t stops, Hardly any solution of 
the stcel is observed in 8 to 10N sulfuric acid, The highly polished surface of the specimens Is retained as such 
even after prolonged Linmerstoa (from 48 to 72 hours) in acid of this concentration, 


= 


gs 


L 
[ 


4 


+ 
4 5 8 on 
Concentrauion of 


Inhibitory effectinHCh 


Solution rate. 


A 
hut 
2 mmole Alter 
Concentration of (C.H)4XBr Fig. 2, Relationship between the solution rate of carboa 

. stec) and the concentration of sulfuric acid solutions 

Fig, 2°: in the presence of 0.5 mmole/liter of inhibitor: 1) 

2) (CoH) gAsBe; 3) 4) (C,H), PL 


= 2) 
tahibitory effect in H,SO4 


Solution rate 


= 


Of interest is still another fact: after being immersed in either sulfuric or hydrochloric acids that had beea 
inhibited with either the tetraphenylelement bromides or lodides, the stee] specimens become resistant to atrnos- 
pheric corrosion and show a greater stability toward the pure acids than do the specimens that had not been exposed 

“to the inhibited acids, Thus, a specimen that had been immersed for 20 hours in 10N sulfuric acid, inhibited with 
tetrapheny|phosphontum fodide, shows 1/10 the solution rate possessed by the control specimens, 14 


By using labeled iodine atoms we were able to show the presence of iodine on the surface of the specimens 
that had been immersed in acid solutions inhibited with tetraphenylphosphonium lodide, The amount of fodine 
on the-surface of the specimens increases with increase in the sulfuric acid concentration, while in hydrochloric 
acid of various concentrations the amount of lodine on the surface of the specimens remains constant. Also, the 
amount of iodine on the surface of the specimens that had been immersed in inhibited sulfuric acid was 5- 6 umes 
the amount found on the specimens that had been immersed {n inhibited hydrochloric acid, : eos 


The diphenylelement trichlorides proved to be the weakest inhibitors, In presence of these compounds the 
stee] solution rate {ncreases with increase in acid concentration, Their inhibitory effect in sulfuric acid of various 
concentration remains constant, while {n hydrochloric acid it decreases with Increase {n acid concentration, 


| | aay. LET EEL 


When studied as suspensions, the triphenylclement compourids show slight retardation of steel solution in -- 
sulfuric acid, Only triphenylphesphine and uiphenylstibine retard steel solution in hydrc chloric acid, while 
the other triphenylelement compounds accelerate the sulution of steel In hydrochlutic acid, 
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A NEW SYNTHESIS OF ALIPHATIC AMINES 


A. N. Bashkirov, Yu. B. Kagan and G, A. 
(Presented by Academician A. A. Balandin, January 1956) 


- 


At the present time the alkylamines are usually chasined by the reaction of alkyl! halides or iiaie caine. 
ing organic compounds with ammonia, and also by the reduction of certain nitrogen-containing. compounds [1,2} 
The elimination of the Intermediate stage {n the preparation of aliphatic amines and the direct synthesis of alf- 
phathe amiaes from simple chemical compounds are quite intriguing. It seemed possible that such a direct 
synthesis could be achieved from carbon monoxide, hydrogen and zmmonia under the conditions where See : 
oaygen-containing compounds are the primary catalytic hydrogenation products of the carbon monoxide, 
i.e., at high pressures and Jow temperatures in the ee of fron catalysts (3,4) 


TABLE 2 Data on the direct synthesis of alkylamines 
Influence of Various Factors on the Yieldcf Amines in from carbon monoxide, hydrogen and ammonia fs 
the Synthesis from Carbon Monoxide, Hydrogen and absent in the literature, except for the information 
Ammonia found in the patent of A, Clark [5], according to 


_ which primary aliphatic amines are formed when 
the indicated gas mixture Ss passed over Co- ThOg- 


Komposition ofthe 


used in the sya-] S ‘yy of kleselguhr catalyst at 182-221° and ~1Z atm, Clark 
Temp. jtmesis, in % [5] indicates that activated fron and nickel catalysts 
co} | NH, | 3 in% also effective here. However, data on the 
ditions and results of using these catalysts ere not 
indicated in the patest. 
{000 The experiments were run in the earlier des. 
its wey into the reactor the gas mixture (CO;H, = 1;2 
240 28.51 57.5) 14.0] 60 {7500 a heated 
48.0 bubbler filled with liquid ammonia, The amount of _ 
240 | 27.0] 55.0] 18.0 {120 2000 21.0 ammonia in the starting gas mixture was regulated 
tsi 22.0 by heating the autoclave to the desired temperature, 
5 The experimental data were evaluated by the earlier 
23 0 | 47.0 | 30.0 20.0 : 
215 14.3 The amount of smines tn the organic 
233} 310} 61.0] &.9 200 500 43.0 syothesis products was determined by their extraction 
‘from the catalyzate with 20% sulfuric acid, followed 
by decomposition of the resulting salts [9], - 
The fiist positive results were obtained in the experiment where the reaction conditions used were a gas 
mixture analyzing 31% ihe 61% Hg and 8% NHy, a pressure of 200 atm., a temperature of 210°, and a space velocity 


of the order of 2000 hr.~*, The Uquid synthesis products obtained under these conditions contained about 8% of 


amines, Thus, in siacisle: the direct synthesis of aliphatic amines from carbon monoxide, —— and ammonia 
was shown to be possible, 


To elucidate the conditions favorable for the synthesis of amines we studied the indienne of the space | 


| 


‘ 


velocity, pressure, anmmenta content of the starting gas mixture and tempcsature on thelr yield, The experimental 
results arc sunnmarized in Table 1, 


The data given in Table 1 show that the yicld of amines oiiahi depends on the space velocity andcom- - 
position of the startlig gas mixture, A reduction In the space velocity from 2000 to 500 iy nearly doubles the 
yleld wf amines, Increasing the ammonia content in the starting gas from 7 to 30% leads to a nearly 7-fold Increase 
in the yleld of amines, The yicld of amines fs Increased from 18 to 22% when the pressure is raised from 60 atm, 
to 200 atm, Variation of the temperature in the Interva) 215-235S° is practically without effect on the amount of 


amines in the Hquid synthesis products, which permitted us to obtain data when the catalyst 
was maintained approximately constant, 


TABLE 2 “act 
Fractional Conipositon and Results of of the Isolated Amines 


Found % Amount of amines in the cae % 
primary 


Boiling range of 
the fraction fn 

°C and pressure 

in mm of Kg | 


Amount of fraction in 
oduct, in % 
c 
titradion method 


by Van Slyke 
determined b 
potentiometr 


48—190 
400—150 
450—170;/10 

7O—110/10 
410—150/10 
1S0—180 


73.14 

73 82) 14. 3 
75.04 | 14. 92. 


pr 


The amines isolated from the synthesis products were ihvctisiay distiNed and then analyzed. The data 
charecterizing the fractional composition of the obtained amines are listed In Table 2, and also thelr elementary 
- analysis results and the differentia] determination by the potentiometric titration [11 12) and Van — {12} 

methods of the amino nitrogen present in the peimary, secondary and tertiary amines, 


The data in Table 2 show that the direct synthesis from carbon monoxide, hydrogen and ammonta, realized 


under the described conditions, leads predominantly to the formation of SITES aliphatic amines with a variable 
number of carbon atoms inthe chain. 
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ORGANOPHOSPHORUS INSECTICIDES 
0,0-DIETHYL-# -ETHYLMERCAPTOETHYLDITHIOPHOSPHATE 70), 
AND ITS ANALOGS : 


Corespooding Member Acad.:Scl. Me Ie Kabachatk, 
T. A. Mastryukova, M. F. Shostakovsky, E. N. D. M. Patkia, 
M. ?, Shabanova and N. M. Gamper 


The Investigations made {n recent yeate at the Institute of Cirgsienlidepete Compounds of the Academy of . 
Sciences of the USSR and at the Plant Protection Institute of the V. L Lenin All-Union Academy of Agricultural 
Sciences on the synthesis and study of the insecticidal properties of the dialkyidithloplosphoric acid derivatives 
have shown that highly effective Insecticides can be found £568, the B- substituted esters of sees 
acid of the genezal formula : 


RO 
RO H,CH,X 


M. I, Kakachnik, T. A. Mastryukeva and V. N. Odnoralova published [1] on the synthes{s of some B-subdstituted : 
uialkyldithiophosphates of this type, which were obtained by the reaction of ethylene oxide with dialkyldithio- 
phosphoric acids 


followed by rearrangement of the seeking derivatives, for example: 


Some of these compounds geet: to be effective insecticides, Having in mind the synthesis of i Seu 4, 
Gerivatives of the type 


Ro” SCH, CH,SR’ 


RO ‘sH. Lo RO’ ‘SCH,CH,OH 


T. A. Mastryvkova, Prilezhaeva, N. Uvarova, M, P, Showakovsky and M, Kabacimik studied the additicg 

of dialkyldtthlophosphates to thioviny! ethers [2], whose tacthods of preparation and propertics were studied at the 

N. D. Zelinsky Lrstitute of Organte Chemistry of the Academy of Schences of the USSR (3). However, whic mercaptans 
add easily to thieviny! ethers fu opposition to the Markovnikov rule (4), the addition of the dlatkylviuiophos- 
phates proceeds in accord with the Markovnikov rule, and the iain reaction products proves to be not the 8 -alkyl- 
(direction A), but the a-derivatives (direction B)s 


ae. 


\ 
47™N 


As a result, the synthesis of the mentioned 8-alkyimercaptoethy) derivatives could not be accomplished by 
this method, However, we continued to work on this problem, since beginning with 1952 patents began to appear 
fi. print on the synthesis of this group of compounds (5), and also communicassons [6] on the synthesis and study of 
the properties of O,O-dicthy] and {ts omer 


CHO 


P 


- A mixture of these compounds foand use as a new highly effective systemic fasecticide under the name 
“Systox®, These compounds belong to the class of B-substituted esters of monothlophosphoric acid, f.e., they 
are close analogs of the above-mentioned 8-alkylmercapto substituted derivatives of dithlophosphorie acid, 
We realized the synthesis of the des!red O,O-dialkyl-p-alkylmercaptoethyldithiophosphates by a different - 
scheme, namely, by the reaction of B-chloroalky] sulfides with salts of dialkyldithiophosphorie acids, The ze- 
action went with good yields (from 70 to 94% in most cases, The dialkyldithiophosphates needed for the synthesis 


were prepared by the method of L, Carius [7], which had been studied in detail xs P, S. Pishchimuka (8), M. L 
Kabachnik and T. A. Mastryukova [9], and other authors [10}; 


P4Sy_ 8ROH = 4(RO),PSSH -+- 2H,S. 


| The alkalf‘salts were prepared from the dialky)dithlophosphates, which were then alkylated [9,11] with 
various 8-chiorvethylaikyl suifides, The latter were obtained from alky) viny] ethers by the following scheme: 


= CHOR + R’SH ~ R'SCH,CH,OR, 
R/SCH,CH,OR + HCl R'SCH,CH,C1 + 


The esters of O acids by this method are given 
{in Table 


Even the first members of this group of cciigsinihc studied si us as insecticides in 1953, showed high 
effectiveness. A more detailed study was made of the most effective member of this class of — namely 
,O- diethy]-8 -ethyimercaptoethyidithiophosphate hic Numbez 


j 
| 


Compound M-74 was studied both as a contact and as a systemfe tnscctictde and acaricide, The slat 
was tiscd as an emulsion, witich was pecpared from a concentrate containing 30% of M-74 and 10% of synergistle 
substance OF-7, The action of the preparation was studicd on the harmful harlequin bug (Eurygaster integriceps 
Put.), mealy bug (Pseudococeus maritimus Ehrh.), circular soft scale insect (Coccus hesperidum L.), spider mite. 
(Tetranychus sp.), red fruit mite (Metatetranychus ulint Koch,), greenhouse aphid (Myzodes persicae Schulz), 
plum aphid (Hycaopterus prunf F.) and grasshopper Jarvac italicus L.). 


TAULE 1 


{Calculated, 


¢ 
2. (CHOPS sen sen, 38.7 


c.H,9 


3. (C,H,0) 41.6 


5. 
6. (i-CH, OnPK 


* The lower yields were due to partial of the 
toward the end of distillation, 


Tostudy the contact action we took thiophos (diethyl-p-nitrophenylthiophosphate) as a standard, while 
mercaptophos (systox) was adopted ag the standard whea we studied the systemic action, 


Based on the data of laboratory exper!ments, run by the Immersion method, M-74 proved to be a more 
toxfe contact polson than thlophos for the harlequin bilg, At 0.0005 % concentration (active principle) M-74 
caused 100% mortality of the females, while with Uiophos the mortality was only 84.4% When older larvae and: 
adule mealy bugs were sprayed with M-74 in 2 concentration of 0.005% we obtained 98, 5% dead and ia pe 
insects, while with thiophos at the same concentration the mectality was 72.7% 


In.the greenhouse experiments the spraying of ornamental! plants with M-74 and wich thiophos, both ata 
concentration of 0.05%, resulied In 2 mortality rate after 20 days of over 90% for the circular soft scale insect, 
The direct spraying of the greenhouse aphid found on the primrose with these same compounds ata concentration 
of 0.0025 % resulted in practically complete mortality of the insects (99.9%, 


The systemic action of M-74 was studied by the spray method in the field against the red ok mite on 
~ppie trees and the plum aphid on plums, and in the greenhouse it was studied against the spider miie on rosea, 
When used during the period of rapid multiplication of the red fruit mite both M-74 and mercaptophos at a cone - 
ccnuation of 0.05% (based on the concentrate) were characterized by high systemic acaricidal action, Whea 
counted on the 36th day after spraying the number of mites on the apple tree was reduced to 94.6% of the original - 
number, while for the control the number of insects had increased 10 times, 


When small plum wees were sprayed with M-74 or mereaptophos in 0.05% concentration the plants were 
almost completely free of injurious insects {n 27 days, : 


When these coinpounds were sprayed at a concentration of 0 08% on roses to contol the spider mite theis 
effcctivencss lasted more than 1,5 months, 
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134125 “HED | 4.0687 160.3] 7.8) 
40.4| 
172+173] 2 | | 4.6667 [64.5] 6.4) 8.3! 8.2]25.7] 
| 44.5] 8.6] 
j 
| 
| 


The seiada action of M-14 was also established by soaking spring wheat seed tt the Preparation before | 
planting. The sprouts of such seeds proved to be toxic for both sucking (harmful Harlequin bug) and gnawing 
(1st instar larvae of the grasshoppes) Insects, In the laboratory experiments M- 74 in a concentration of 0.2% 
(active peinciple) effected a complete kill of grasshopper ‘arvae and harmful harlequin bugs, feeding on 17-day 
old whéat sprout, Under field conditions the use of solutions containing 0,45-0.6% (active principlc) of M-74 
for treating the seed gave an 84.0- - 96.7% kill of the —_ bug. and {n some cases ~~ mortality of 


epee the bugs was observed, 


Consequently, M-74 is a highly effective contact and pieuie insecticide and acaricide, pains much 
— for the gerne of agricultural plants from injurious pests, 
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“CATALYTIC BRO MINATION OF PROPANE 


Azerbaidzhan SSR Academy of Sciences Academician Yu. G, Mamedaliev and M. Guseinow 


In previous investigations, made by one of us, a detailed study was made of the conditions for the cata- _ 
lytic chJor:natioa of petroleum gas and its individual component: for the purpose of developing commercial 
methods for the production of methy] chloride {1-3}, carbon tetrachloride [4}, hexachloroethane [5], chloro+ 
butanes [6] and other chlorine-containing saturated hydrocarbons. As an expansion of these studies and to 


develop a convenient method for the synthesis of bromoalkanes we undertook a of the bromina- 

tion of alkanes, 
The bromination of alkanes has been inadequately studied, Atrong the first studies in this field are the | 

omervations made by A, M, Butlerov (9] on the bromination of n-butane and isobutane. Among the alkanes 

2 comparatively detailed study has been made of methane, the bromination of which is discussed in a numbes 

of patents ard theoretical papers {10,11}. Data on the brominarion of gates rich in methane hydrocarbons, in 

the preseace of ferric bromide catalyst depo<ited on pumice, are to be found in the studies of Mihai Zapan nz. 

Of theaetical interest is the work of E, Hormats and Van on and thermal 

tion of neopentane [13}ané other hydrocarbons (14,15), 


A total of only two papers exists in the Hitesature on the brominauion sof propane, rs N, Mereibsoviig 
{16} dezerbed the formation of the tetra-, penta- and hexabromo derivatives of propane when the latter was 
reacted with bromine in the presence of an on catalyst, The use of iron as a catalyst in the bromination —— 
' raises some doubt here. As is known, bromine readily reacts with iron, forming ferric bromide, which has a 


comparauvely low melting point, The study made by Snelling en the bromination propane at elevated 
tempe-aturcs i: of even less certain value. | 


We studied the bromination of the low- molecular alkanes— {18}, propane and 
in the presence of catalysts for the purpose of developing an efficrent synthesis of the monoe and ere: 
moalkanes, Our data on the bromination of — are givea in this communication, — 


As starting materfal we took the technical propane fraction having the following comgestion: methane 
+ ethane 0.51%, propane 91.95%, propylene 7.23%, higher 0.01% © 


The experimental procedure was as follows, The propane was an flask 
filled with concentrated sulfude acid where the unsaturated hydrocarbon impurities weae removed, The Be. 
pane purified in this manner was then passed through a gas meter, flow meter, calcium chloride tube, and | 
entered the mixing flask, where bromine was added at the same time from a graduated burette. The mixing 
Mask war ammezsed in a water bath, where the temperature was maintained at-80-85° by means of a tempera- 
ture regulator, From the mixing chamber the bromine and propane vapors entered the catalyst tube, placed 


in an electric furnace, A tran-former was used to maintain the in the furnace at the. 
desired level, 


From the catalyst tube the reactioa products entered the of a coll con- 
denser, receiver and vertical candenser, The escaping gases were freed of hydrogen bromide by absorption 
in water, then measured in a gas meter and collected in a p+» hotder On conclusion of an experiment the 
wash waters were analyzed for the amount of bromine and hydiogen bromide, while the catalyzate was sub-. 
jected to a derailed study, The result: of some typical experiments are given in Table 1, | 


: 
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TABLE 


Dra siloa, hoors 
Cu liter 


“Brection : 
TYieid 


Frection 


Froction 


Preece 


evel. 


As can be seen peas the dats in Table A, Sound reacts pir with propane in the presence of a catalyst 
_ at 300-400°, forming a mixture of beomopropancs, 


The quantitative ratio of the montd- and dkicesiedanines ts 5 Socal to be directly related to the ratio of the 


reactants and the reaction temperature, Under the josrm.cy conditions the yield of vee is around 
85- 90% of the theoretical, 


The physical constants of the {solated fractions are given in Table 1, The first fraction, boiling at 59-62%, 
corresponds to isopropyl bromide. The constants of this fraction lie close to the corresponding constants of pure 
isopropyl bromide (47? 1.2138, nf} 1.4254, mol, wt, 123), Slightly high specific gravity and refractive index 
Values for these fractions tntinne the presence of small amounts of dibromopropane as impurity, 


For all of the experiments the intermediate fraction. (62-113) Is small and consists of mixed mono- and 
dibromopropanes, The fractions corresponding to dibromopropane boil at 113-116° and 135-140°, The first 
fraction (113-116°} is 2,2-dibromopropane, while the second (135-140*) is 1,2-dibromopropane, As can be seen 
from the data In Table 1, in all cases the 2,2-dibromopropane is formed in the greatest amount, 


3 3 8 | 8 ® 
Mole ratte $1031 O52 $420.8) 4132 | 4:68 
by : 
1.3 a4 2.2 69 | 19 
22 | 20 | 38 | 24 | as | 
4.4600) 9.6685] $.4700] 4.4785] 4.40057 9.4509] 
22 | 232 | 28.9 34 sa | 29.2 
200.0 193.6° 1193 103.8 i¥s.3 193.9 22.8 
24 1.8 13 3.0 34 2.8 3.9 4.6 
3.0 1$.2 230 19.8 10.8 7.0 10.6 42 
70 | 49.0 [ato | se | oe | | | ate 
10 | os 23 246 | 18 | 


A series of experiments was run to determine the influence of the reaction temperature on the yield of the 
individual brominated propane derivatives, These experfincnts revealed that at remperatures below 300° the 
bromine shows incomplete reaction and even with a large excess of propanc the passage of some unreacted bromine. 
is observed, The opthimum reaction temperature 300-400°%, The broinine shows complete reaction under these 
temperature conditions, Raising the temperature above the indicated range accompanied by decomposition of 
the bromides, Intensiflcation of the dchydrobromination aid more complex cheinical 
leading al] the way to the of soot, 


The reaction dependence on the temperature fs siscioiaa by the data given in Table 2 As can be seen from 
the data in this table, with a propane to bromine ratlo of 1:0,5 the maximum yleld of monopropanes is obtained 
at 300°, With elevation the yleld of monobromopropane drops and there {Is a corresponding focrease 
in the y!eld of inono- and dibromopropanes. 


‘TABLE 2 A-simflar change in the character of the amount 
e. of bromopropanes as a function of the temperature fs 
_ also observed for other rcactant ratios, with the sole 
difference that an increase in the amount of bromine 
ea in the reactant mixture shifts the reaction toward 
a the greater formation of diz and polybromopropanes, 
Quantitative expressions of the observed rules are 
readily seen from Table 2, With a propane to bromine © 
ratio of 1:0.5 an increase {n the temperature from 
300 to 400° Icads to a reduction io the amountof 
isopropyl bromide in the catalyzate from 65 to 40%, 
and a corresponding increase in the total amount of © 
di- and polybromo dezivatives from 35 to 60%, Whea 
the amount of bromine is Increased (up to a rerctant 
ratio of 1;1) the amount of {sopropyl bromide in the _ 
catalyzate fluctuates between 40 and 30%, Here the 
«mount of di- and polybromo derivatives approaches 
60-70% Further increase in the amount of bromine | 
in the reactant mixture leads to an even sharper redietion in the fsopropyl bromide yield anda 
crease In the total amount of di- and polybromoprupanes (up to 85-90%. 


B-bramopco | 
pane 


pane 
IF 


6B20M 


Ratio of compo 
ents 


teand 


i temp. in °C 


evo sae 


By varying the ratio of the reacting components and the reaction temperature it is posible to saci the es 
yield of mono-, and di- and polybromopropane derivauves, Here it {s possible to obtain a a parecer 
up to 65% of the monosubstituted and up to tid of the etccessr aps propane, 


TABLE 3 xe Of great interest is the quantitative amount of 
individual dibromopropanes in the catalyzate, fn- 
Amount of individual dicating the order of the bromination reaction in the | 
dibromopropanes in paraffin series, Data on the amount of 1,2- and 2 2: 
the catalyzate, % didromopropane in the catalyzate are given in Table 
’ 3. As can be seen from the data in this table, the - 
amount of 2,2-dibromopropane is nearly twice the 
amount of 1,2-dibromopropdne, which indicates ‘that 
substitution is predominantly in the 2,2-position, 


Ratio of components; 


2,2-dibror 
mopropane 
“1,2-dibro- 


|mopropane 
Ratio of 2,2- 
sto 2,2-dibro+ 


‘propane 


As a result, a method was developed for the 
catalytic bromination of propane,and conditions 
were found for obtaining a maximum yield mono- 
and 


te ee te 
vue 
evoco 


It was shown that the composition of the ob- 
tained products {s a function of the ratio of the re- 
acting components and the reaction temperature, It was estabJished that propane brominates fn the 2-nosition ¢ 
_ to give 2-bromopropanes and it was shown that the catalyzate contains no 1-bromopropane. With further bromination 


| 
1 
10 
18 
473 


the 2- reacts peinvanily at the found on the substituted carboa atom, 1,2-dibrome- 
propane is focmed in lesser amount, 
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THE CHEMICAL NATURE OF THE TERNARY INTERMETALLIC PHASES INTHE 
MAGNESIUM-CO?PER-ZINC AND MAGNESIUM-COPPER- NICKEL SYSTEMS 


V. 1. Mikheeva and G. G. Babayan 
(Presented by Academician L & January 24, 


The ternary systems zine and -nickel have much fn common. the 
viewpoint of the chemica) properties of thelr components and the nature of the binary compounds —MgCug, MgZng © 
and MgNi, particfpating in the equilibrium, and appearing as members of the so-called Laves phases {1}, — 
the fusion diagrams for these systems also made it possible to establish their structusa] similarity, 

In the middle portion of the magnesfum-copper- zinc system, within the limits of phase T, formed by MgCug- . 

MgZng solid solutions, there exists a ternary chemical compound with a component ratio of 1:1:1, This compound 

is manifested by a revealed gentle maximum of the Hquidus surface, by the binary sections of phase T with mag- | 

neslum and the compounds of the binary systems, and alo by the presence of synclinal folds in the penery caret 
lization fields of {2} 


The of continuous serles of solid 
solutions between compounds MgCug and MgNig fs - 


rules observed in other ternary systems [2,4}, and the : 
theoretical studies dealing with the influence shown 
by the formation of a chemical compound on the 

shape of the {sotherms in the fleld of the solvent (5), 

the existence of a well-defined fold for the magnesfum 
field makes it possible to assume the existence of : 
compound MgCuNi withia limits of the 

MgNi, solid solution, 


(2 


25 175 characteristic for the ternary system magnesium-cop» 
per-hickel] (3) But taking into consideration dmilar 
e 


ade To verify this postulate” we one of 

very sensitive methods for detecting the presence of - 
chemical compounds in intermetallic phases, namely 
the method of measuring the electrical resistance 
and its temperature coefficient 


Fig. 1. Electrical resistance and its temperature coef- 
ficient along the section Mg-CuZn in the phase T crys- 
tallization region, 
The specimens for the electrical relitined’> 
measurements, being rods 4 mm in diameter and 60 mm in length, were cast in a metal mold, The melting of © Aah 
the metab was dene in a crypt furnace In corundized crucibles ‘under a layer of flux- a eutectic mixtwe of barium Nias 
chloride and potassium chloride, Based on the chemical analysis data the magnesium loss ix —— failed to 
exceed 0,5-0, by weight. 


 AKL-48 low-ohmic potentiometer was wed to make the electrica] resistance measurements at temperatures 
. of 25 and 100°, : 


At a component ratio of 1:1:1 in the system magnesium-copper-zinc the existence of pene MgCuza ? 
in the homogencous region of phase T Is shown by a distinct minimum for the elecuical resistance and a maximum 
for its temperature coefficient (see /~. 1), which §s in full accord with the study data obtained for all of the elements 
of the fusion diagram, 


Uys 
473 


The cieve for the temperature coefficlent of 
the clevtrival resistance fs adlahatic to the electrical 
_ teststance curve and possesses a corresponding gentle 
Maximum at the same component ratio, 


.A comparison of the obtained results with the 
study data obtained for the fusion diagrams of ternary 
systemscnables us to regard the T phascs of these 
systems as beluy ternary berthollides, Le., as phases 
that contain the compounds MgCuZn and MgCuNi 
either In a state of dissociation [7] or {n a state of 
changed valences foe the components [8] The first 
compound is relatively more stable than the second, 


Fig. 2. Beectrical resistance and its temperature 
ficient the section 
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SYNTHESIS OF COMPOUNDS WITH SILAZINE LINKS | 


N. S. Nametkin, AcademiclanA. V. Topchiev, L. S. Povarov and G, v. Garnishevskaya 


In previous communications [1-3] we had shown the posifbility of using pentachlorodisilanomethane-a re- 
action product of methylene chloride with silicon— to obtain compounds with siloxanocarbon nks (-Si-CH,-Si- 
O- Si-) through the corresponding silicohydrocarbons of the pentaa lky]disilanomethane series, 


In the present study we have shown the possibility of using pentachlorodisflanomethane to synthesize com- 
pounds with both silicocarbon and silazine Links (-Si- CH,~ Si- Si- CH,~ by the following general scheme; . 


R 


k 


The derivatives of disilanomethane are obtained when the pentaa derivatives 
of disilanomethane are reacted with bromine, 


The reaction of pentamethylbromodisilanomethane with ammonia gave us Motpentameyitaemeane) 
amine, formed according to the scheme; 


CHs CHy CHs 
2NH,Br + CHy— — CH, — NH — Sh 


The amine (peutamethy was not found fn the reaction products, 

The reaction of Oe with ammonia ee the primary amine and some secondary 
ainine by the schemes 

Hy 

The reaction of either penta propylhromodisilanomethane or pentabutylbromodis{lanomethane with ammonia 

gave only primary amines, and sccondary amines were not found in the reaction products, The latier were obtained 


by reacting the pentaalkylbromo derivatives of distlanomethane with — amines and cubscqncnt treatment 
of the reaction with ammonia by the scheme 


where 


EXPERIMENTAL | 


Preparation of Pentaalkylbromo Derivatives of Disilanomethane. Bromine was added at 5-10° to the corres- 
ponding pentaalkyl derivatives of disilanomethane, contained in a three-necked flask, fitted with reflux condenser, 
dropping funnel and tube for nitrogen passage. Toward the end of bromine addition the temperature was raised 
to 60-80°, On conclusion of bromine addition a stream of nitrogen was passed though the flask to remove hydrogea 
bromide and excess bromine, after which the product was distilled, 


The properties of the obtained pentaalkylbromo derivatives of disilanomethane are Usted in Table 1. 


Preparation of Pentaalkyldisilanomethaneamines and Bis(pentaalkyldisilanomethane)amines. All the nitrogen- 
containing silicoorganic compounds described »y us were peepee ina flask fitted with a reflux condenser and a. 
tube for the admittance of ammohia, 


and pentabutyldisilanomethaneamine were obtained by reacting dry gaseous ammonia with the corresponding 
' pentaalkylbromo derivatives of disilanomethane {in either ether or toluene at the boiling point of the reaction mixture 


methane)amine were obtained by reacting the corresponding pentaalkyJbromo derivatives of disilanomethane 
with pentaalkyldisilanomethaneamines in toluene. The reaction mixture was heated at the boil,and when all of 
the hydrobromide salt of the carresponding amine had precipitated,the mixture was treated with dry ammonia, 
On conclusion of reaction the — bromide penciptiate was filtered, and the quid reaction products were 
fractionally distilled, 


Preparation of sishiaeisshestisibpialsuapieienshaiibnin, Ammonia was passed for 20 heads through a solution 


- 


TABLE 1 


U.p. in 
°C and 
Compound @ 


pressure 
tinmm Hel 


Pentamethyl- Cif, 
lanomethane Cll, 

Pentacthylbro- 
modisilano- | 412/83 44.0757; 
methane 

Penta propyl- C,H, C,H, 
bromodisil- Br] 43{— 
ancmethane | 132/1-0 

mod{silano- 479 4.4748] 15° g} 125.88:91.6 
methane bw, | 180/1-5 


of 67,59 g (0.3 of in 200 ml of ether, The ye of 
wat 42 g (34,5% yield). B.p. 93° at 2mm, 


Found %: C 47.21, 47.38; H1L.64, 11.64; N 4.49, 4.47. CyHyNSly Calculated 4: 47.16; H 11 
N 4.58. Mol, wt, found 299, 301; for CyHssNSig Calculated 305.6, 


Preparation of Pentaethyldisilanomethaneamine, Ammenta was passed for 15 hours a solution of 


8S g (0.28 molc) of pentacthy!bromodisilanomethane in 200 ml of. The of 
methaneamine was 35.4 g (61.87). B.p.10S° at 6mm. 


Found %_ C 57,15, 57.23; H 12,84, 12.90; N 5.97, 5.94, Catal Calculated C 57.01; H H126% 
N 6.05, 


In addition to the we Isoleted: 2 product with 1es° at 2 mm, Corres 
ponding to the bis(pentaethydisilanomethane)amine, The yield was 13 g (22.8%). 


Preparation of To 21 g (0.12 mole) of 
was added 35.4 g (0.12 mole) of pentaethylbromodisilanomethane and 100 ml of toluene, The mixture was heated 


at the boil for 10 hours, after which ammonia was passed through it for 10 caste ‘The yee of ies gute saraners 
methane)amine was 31.9 g (607). B.p.188° at 2mm, 


Found %: C 59.36, 59,52; H 12,64, 12.65; N 2.83, 2,82, CeateNSlye Calculated %: C 59. 25; H 12.43; 
N 3.16, Mol, wt, found 436, 446; for CrsHsNStq Calculated 445.9, 


Preparation of Pentapropy}distlanomethaneamine, Ammonia was passed for 20 hours ‘deca a solution a of 
81.6 g (0.22 molc) of pentapropylbromodisilanomethane in 200 ml. toluene. The yield 
methaneamine was 61.2 g (72.8%). B.p, 132° at 3 mm, 


N 4.65, 


Found & C 63.90, 63.91; H seta. 13.05; N 4. 47, 4.56. Ca IS! ‘Calculated a:¢ 63,74; H 1,04; 


Preparation of Bis{pentapropyldisilanomethane)amine, To 41 g (0.14 mole) of pentapropyldisilanomethaneamine 
in 100 ml of toluene was added 60 g (0.14 mole) of pentapropylbromodisilanomethane, The mixture was heated 


at the boil for 15 hours, after which ammonia was passed through it for 10 hours, The yield of bis penta propyldisilano- 
methane)amine was 41.5 g (50%). B.p, 214-216° at 2.5 mm, 


Found Je C 65.84, 65.95; H 12.87, 12,99; N 2.14, 2.13, C 65. 56; H 
N 2.39. Mol, wt. found 565, 586; for Cy3Hy,NSI,.C alculated 586.2, 


Preparation of Pentabutyldisilanomethaneamine, Ammonia was passed for 30 hours through a shell of 


MRy s 
: on 


TABLE 2 


pressure 
_ Compound Formula Hg) ound | kalcd, 


Pentac | 105/0 4.32) 74.40 
amin 


Penta 1333 }0.848011 4010 97.50] 98.48 


BiXpentamethyldisilano- 93/2 97.90) 98.27 
lait tano- 4188/2 [0.886011 480/142. 79143.37 


(0:2 molc) of in 150 m} of toluene, The of 
amine was 60 g (80.7%). B.p, 174° at 3mm, | 


Found &: C 67.74, 67.99; 13. 35, N 3.70. %: C 67.86, H 13.29; 
N 3.77. 


Preparation of To 30 (0.08 mole) of 
- fn 150 m} of toluene was added 15.6 g (0.03 mole) of pentabutylbromodisilanomethane, The mixture was heated 
at the boil for 15 hours, after which ammonia was passed through it for 10 hours, The yield of eer. 
was 12g (507). Bip. 256-275° et 3.5 mm. 


Found $: C 69,27, 29.29; 11 12.87, 12,99; N 1,68, 1.70, Calculated C 69.44; H 13,18; N 1.99 
Mol, wt, found 696, 712; for CgHsNSty Calculated 726.4, 


The the obtained us are = in Table 2, 
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SYNTHESIS OF HIGHER a,a,a,w-TETRACHLOROALKANES 
AND 1,1,1-TRICHLOROALKANES 


Academician A. Nesmeyanov, Sh. A. Karapetyan and R, Kh. Freidlina 


The telomerization of ethylene with either carbon tetrachloride of chloroform yields a mixture of polychloro- 
alkanes having the structure X(C,H)_CCls, where X = Hor CL Compounds having n = 1-7 were {solated from a 
. mixture of a,a,a,u-tetrachloroalkanes, and the amount of components with n = 1-4 was studied as a function of | 
pressure [1,2]. Compounds having n = 1-5 were fsolated from a mixture of 1 A3- trichloroalkanes, but here the 
influence of the reaction conditions on the composition was not studied (3), 


An increase in the pressure and in the relative concéntration of ethylene favors the fectuasion of hia pro- 


ducts, Consequently, to increase the amount of higher tetrachloroalkanes, Joyce and coworkers {1} either substantially 
increased the pressure or added solvents, 


G. D, Efremova and G. G, Leontyeva [4] showed that at 90- 100° and pressures above 100 atin, the syeteut 


C3Hy- CC, is homogeneous for all CsHg:CCl, ratios, Consequently, the pre does not 
the ethylene concentration and the composition of.the reaction products, — 


We studied the separate influence of relative ethylene concentration and pressure on the composition of the 
telomerization reaction products end showed that it is possible to synthesize the higher chloroalkanes at pressures — 
of 100-150 atm, 


TABLE 1 EXPERIMENTAL METHOD 


CCh+¢C,H, The experiments were run in rotating autoclaves 

having a capacity of 0,5-2.7 Hters, The Initlator was 

Composition of mixed fsobutyric acid azodinitrilé, .taken'in concentras 

tetrachloroalkanes, & tion of 0.8-1 g per Iter of autoclave capacity. The 
amounts of reacted ethylene and CCl, (percent con- 

' version) were caiculated from the weight and come 
position of the chloroalkane mixture. The ethylene 
failing to react was measured in a gas metes, The 
pressures were inaintained by pumping ezhylene into 
the autoclave, The initia] ethylene concentration is 
indicated in the tables, 


Expt. No. 
CCl % 


é. 


cCcla 

moles 
Pressure, 
conversion, 


COM 


The high heat effect, the presence cf an induc- 
tion period, sn at times the violent (with a tendency 
to explode) course of the reaction [5], weze the reasons 
for the 2-5% fluctuation in the pressure and tempera 
ture, The reactiontemperature was 90°, and the time | 
was 4-5 hours, : 


* 100 ml of water was added, | The chloroalkane mixtures were fractionally _ 
*° 250 ml of water was added, : distilled through a column in vacuo, The constants 


of the components abi se to those described 
3}. 


Om 


| | 
i 49 
58 
iT 150 79 
100 61 
3 {50 94 
{3 


EXPERIMENTAL RESULTS AND DISCUSSION 


The caperfments with CCl run tn the homogencous region, are summarized in Table 1, The data for cic, 
are shown la Table 2, From Table 2 (Expt. Nos, 3-6) tt can be secn that the trichlorgalkane composition at low 
pressures shows hardly any change when the amount of ethylene fs increased 2,5-3.5 times at constant pressure, 
while at 100 atm, (Expt. Nos, 7-10) an increase In the ethylene charge results in @ corresponding increase in the | 
amount of higher products, From this it can be conc hidcd that critical phcnomena are present in the CHC] g-C,Hy 

TABLE2 From the data in Table 1 two families of 
eurves for the tetrachloroalkanes are plotted in Figs, 
1 and 2, Fig. 3, constructed from the data given 
in Table 2, shows that the rutes for the change in 
Compusitionof mixed trichloroalkane composition are the same as for the 
trichleroalkanes, tetrachloroalkanes- the amount of each component 
. passes through a maximum, It can be seen from Fig, 
4 that the observed maximum amount of the Individual 
components drops rapidly with increase inthe number 
of carbon atoms in the molecule, reaching a value 
of 4-7 % for tetrachloropentadecane, in which connect- 
fon the absolute maximum values are approximately 
the sare for both the tewa- and trichloroatkanes, 


Charge 


CHCI, snoles | 


CHCI,. 


male/male 


‘{conversion 


t 


it follows fiom the curves shown In Figs. 1-3 
that the relative ethylene concentration Cy and 
_ pressure P exert approximately the same degree of 
influence on the polychloroalkane ceimpositioa, Thus, 
for exainple, the yield of higher (C>,) tetrachloro- 
alkanes at a pressure of 150 atm, and C, = 40 mole/ 
mole {is as high as 95% 


After removing the by 
distillation, she tetrachloroalkane mixtures from Expt. Nos. 11 and 13 were separated into a series of fractions on 
the basis of their solubility in CCL, and acetone, The C, H and Cl analyses revealed that these fractions correspond 
to the formula C,Hy,.3Cly The average molecular weight of these fractions, representing 55-75% of the total 

amount of chloroalkanes, was 420-840, and the average number of carbon atoms was correspondingly 20-50, 


& 


8 


|atrp. 
& 


& 


00. “0 #0 122 atm, 


Amount in mixture 


Amount in mixture 


8 


Fig. 1, Influence of the relative ethylene concentration Fig. 2. Influence of pressure Pon the tetrachloroalkan¢ 
C, (in moles per mole of CCl, on the tetrachJoroalkane composition, The figures on the curves denote the - 
composition, a) Higher tetrachloroalkanes Cox b) relative cthylene concentration C, {in moles per mole 
. OF CCI). a) Higher tetrachloroalkanes 

tetrachloropentane, 


| | 

mote 


* 
atm. 


Fig. 3. Influence of pressure and relative ethylene © Fig. 4. Maximum amount of individual components 
concentration on the trichloroalkane composition, in the polychloroalkane mixture, a) Tetrachloro= 
b) 


TABLE 3 


°C, mR Found —ealeulated 


BD 
"2 calcd. Cc H ajc H ct 
Cis | 103-108] 4.0339) 1.4649] 76.94] 76.84] 54.34] 8.82 | 37.29] 54.28] 8.76 | 36.97 
54.50] 8.79 | 37.07 
| 123-125] 1.0142] 1.4658] 86.48] 88.07] 57.00] 9.44 | 33.64] 57.06] 9.25] 33.69 
56.80] 9.02 | 33.89 | 
Cir | 1283-143 | 0.9092] 1.4083] 95.32] 95.30] 59.441 9.55 | 31.30] 59.38] 9.61 | 30.95 
59.221 9.54 | 31.44 


From the mixed trichloroalkanes we Isolated 1,1,1-richlorotridecane (Cy), 1,1,1-trichloropentadecane 
(Cys) and 1,1,1-trichloroheptadecane (Cy,), the constants and analysis of which are given in Table 3, 
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RECRYSTALLIZATION DIAGRAM OF CHROMIUM 


E. M. Savitsky, Vv. F. Terckhova and A. V. Kholopow ae 
(Presented by Academician P, Barbina, February 21, 1956) 


Recrystallization diagrams, linking metal grain size with deformation degree and temperature, are of great. : 
finpextance in establishing the optimum conditions for the pressure molding and annealing of semifabricates aud 
parts from metals and alloys, Some statements exist in the literature on tue influence shown by the recrystalliza- 

tfon process on the plastic properties of chromium [1,2], but no recrystallization diagram for chromium has beea 
| ‘published, 


In the present study a type I recrystallization 
diagrain was constructed for remelted electrolyiie 
chromium, which at the present time fs the purest 
commetfal form of chromium, A chemical analysis 
of the electrolytic chromium, refined In a hydrogen 
atmosphere at 1350° for 70-100 hours under technical 
conditions, gave the following average results (in%): | 
Cr 99,5; N 0.1; C 0,01 — 0,04; Si 0,05; Fe 0,1; 

NI 0.1; 0, 0.005, 
We ran the chromium fusion fn a vacuum high- 
é frequency furnace In zirconium oxide crucibles with 
casting in a copper mold, The specimens after casting 
were turned to obtain a pure surface andremove the _ 
outer layer wiich showed slight copper contamination, 
The starting specimens had a diameter of 11 mm and 
a length of 10 nm, To remove intemal stresses the 
specimens were annealed at 1100-1200° for 1-2 hours, . 


cast and annealed specimens had 

fairly uniform fine-grained structure with an average 
grain size of about 0.01 mm? (Fig, 1a). The micro- _ 

hardness of the cast specimens was 120-140 kg/mm*, 
Under tnidirectional stress at room temperatres 
such specimens showed up to 35-40% deformation — 
resistonce without the formation of cracks, The com- 
pression was run on a hydraulic press with reduction 
gears atarateof 2-4 mm/min. The following de- 
formation valucs (relative contraction valves under 
stress) were chosen; 2.5; 7.5; 10; 12,5; 15; 20; 25; 
30 and 40% Crushing of the grains was observed when 
the degree of deformation was Increased, The de- 
formation texture fs very distinct at 40% (Fig. 1,4). 


Ad is 
e 


Fig. 1. Microphotographs of chromium specimens, 100 x 
a) Original structure, anncaled after casting at 1200°; b) 
2.5% deformation, annealed at 1020°; c) 2.5% dcforma- 
tion, annealed at 1500°; d) 40% deformation; ce) 40% . _After thé final deformation the specimens were 
deformation, annealed at 1020°; f) 40% deformation, ' annealed in evacuated quartz ampoules for 2hours at 
annealed at 1500°, 


j 
9 °. ? 
; 


Fig. 2 X-ray patterns of chromtum specimens. a) Original cast and annealed 
specitnen; b) 40% at 950°; c) ane 
nealed at 1020, 


TABLE 
Change in microhardness (in gfe?) ssa 
_ functfon of deformation and annealing tempera- 


in % 


150 165] 185. 
150 160] 19%) 
150 135}, 4135, — 
110 110} 110 


8 
a 
£. 
«a 
& 
% 
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the temperatures; 200; 500; 700; 800; 900; 950; 
980; 1020; 1100; 1200; 1300°, and in hydrogen 
at 1500°, A platinum-platinum rhodium thermo- 
couple was used to control the annealing tempera- 
ture with an accuracy of 25°,. The annealed 

specimens were subjected to microscopic and 
Fig. 3. Recrystallization diagram of chromium. x-ray studies, and also to microbardzczs measure- 


Degree of deformation 


The etching of the specimens was done In concentrated hydrochloric acid, ‘a the method of electrolytic 
etching in 10% oxalic acid was also used, Two methods were used to calculate the grain size: comparison with 
a standard scale and calculation of the grain area under the mictoscope, 


aes The debyegrams of the specimens were taken using molybdenum radiation and an Rapes of 1 hour, 
". ‘The hardened surface layer was removed by etching in hydrochloric acid, 


The microstructures and x-ray of the cast, recrystaliize3 chromium specimens 
are shown in Figs, 1 and 2, 5 


A reduction in the microhardness of chromium grains ages after sania from 00, which may be 
associated reversion phenomena (see Table 1). 


It was established by the x-ray method that in the chromium specimens, deformed by 40%, rocrystalliza- 
tion begins at 950-980° (see Fig, 2), From the recrystallization diagram. constructed for chromium (see Fig. 3) 
it can be seen that complete recrystallization of the specimens occur at 1020°, The magnitude of the critical - 
degree of deformation at 1020° is 7%; at 1200° it is 5%, and at 1500° it reduces to 2.5% At 1020° a reduction 
in grain size Is observed under large deformations, This is due to the formation of new grains, Similar pheno- 
mena have been observed for aluminum-magnesium alloys for certain steels, and for pure magnesium (3,4), 


$ ee 20 | 150 
| | | 


The growth of new grains proceeds with elevation of the temperature above 1020° and the stage of collective... : 
recrystallizetion begins, but the grain growth fs very small up to an ee est a of 1300°, Sub- 
stantial grain growth occurs at 1500°, 


As a result, recrystallization fn aisiiiens proceeds by two paths. At low ingen of deformation an 
increase in temperature leads only to coarser crystals due to combination of the old crystals with each other 
(collective recrystallization), This recrystallization path {s typical for regions of critical deformation values 
(Fig. 1, b,c,d). At large deformation values the recrystallization proceeds at first with the appearance and 
growth of new grins (work recrystallization) and only after that whys the eneercoahy oe path sigh 
1, ¢,f). 


The constructed dlagram makes it to dererhuine the change in structure as a function of 
the annealing temperature and degree of cold deformation, and also to select the optimum conditions for the 
annealing of chromium, - The diagram can alse be used to study the nature of chromium brittleness, 
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LIC vip PHASE OXIDATION OF ALIPHATO- - AROMATIC HYDROCARBONS 
WITH OXYGEN GAS. TOLUENE HYDROPEROXIDE 


P. G. Sergeev and V. Fedurove 
Presented Academician B, A. March 1956 


“The formation of the- hydroperoxide when toluene is reacted with oxygen at temperatures 100° 
has been meationed by a number of authors [1-3], However, the amount of hydroperoxide present in the oxi- 
dized toluene was so small that all atiempts to isolate it in the me state unsuccessful and in- 
vestigators to reject its preparation by this method, ; 


Toluene hydroperoxide was described by Walling and Buckler [4], who obtained ft by reacting seas 
magnesium chloride with oxygea-saturated ether at -75°, in accord with the reaction 


The hydroperoxide obtained in this manner was 90% 53,5° (0.09 mm), 1.5352 and 
1.120, 


We cxidized toluene with atmospheric oxygen ata temperature of 110° and in the presence of small, 
amounts of manganese resinate as catalyst. We used crystalline lopropylbenzene peroxide (CgH;C(CH)O)g 
as the oxidation initiator, The amount of hydroperoxide, determined iodomeuically, was very small and © 
after 44 hours of oxidation did not exceed 0.6%, and with further oxidation it decreased, Along with the 
hydroperoxide, both benzaldehyde and benzoic acid were found in the oxidized toluene. Of the three anes 
ducts the benzaldehyde was present in prec¢ominant amount, 


Isolation of the hydroperoxide was Based on its ability to yieid water-soluble salts when seiciél with | 

- dilute alkali solutions, Treatment of the oxidized toluene with 21% sodium hydroxide solution and subsequent “3 
decomposition of the resulting sodium salt with carbon dioxide gas gave a product with a hydroperoxide content 
of 68.8% and nd 1.5322, Here up to 50% of the original hydroperoxide was lost due to decomposition during 
isolation, When the concentrated toluene hydroperoxide preparations were stored under ordinary conditions — 


for approximately 6 months underwent with the formation as 
the main product, 
The toluene used for the oxidations was first. washed with sulfuric acid (d 2. 84), then with water, 10% | 
sodium hydroxide solution, and agaia with watez, The dried toluene was distilled through 2 Vigreux column 
and had the Paapeckein: constants; boiling range (determined nd the Kremer-Shpliker method) 109, 6-122. Re 
0.864, nbd 1.4965, bromine number 0.0096, 


Into a cylindrical glass flask, expanded in the uppers portion and fined with a reflux iiiaiiaas, ‘hone es 
meter, stirrer and capillary for admitting air, was charged 350 ml of toluene, manganese resinate (2.5 mg 
per mole) and 70 mg. of isopropylbenzene percxide, The temperature of the mass was raised to 110°, after 
which dry air was passed through the system at a rate of 10 liters per hour. Samples were removed at pericd- 


ical intervals to determine the amount of hydropaoxide, After 44 hours of oxidation the a con- 
tent reached 0.6%, 


3 
| | 


Isolation of of Benzaldchyde, A sample (0,37 p) of oxidized toluene containing 0.3% of the hydroperoxide 


was dissolved in 1 10 ml cf alcohol, To decompose the hydroperoxide the solution was treated with § ml of 
20% sodium bisulfite solution, ; 


C,H,CH,OOH « NaHSO, - —> C,H,CH,OH + NaHSOp 


To the mixture after vigorous shaking was added 150 ml of a hydrochloric acid solution of 2,4-dinitrophenyl- 
hydrazine (1 g of substance in 1 liter of 2N HCI), after which the solution was shaken vigorously and allowed 


"to stand for 10-12 hours, The yellow benzaldehyde 2,4-dinitrophcnylhydrazone precipitate was filtcred through 


a porous filter No, 3, wasued with 2N HCI, then with water, and dried at 110°. The yield calculated as benzal- 

dehyde was 0.0024 The had 2s (determined on a Ber) block); fromm the litcrature [5], m.p. 

| Isolation ia Benzoic A Acid, 100 ml of oxidized tolucne was washed with 5% sodium bicarbonate solution, 


Evaporation and acidification of the wash waters gave 1.1 g of white crystals, After recrystallization from 
water, m.p. 120°, The mixed melting point with authentic benzoic acid failed to be depressed, 


Isolation of the Hydroperoxide, 700 ml of oxidized toluene was washed with 57% NaHCOs solution, thea 
with water, and dried over fused potash, The product remaining after distilling off the unchanged toluene at 
20-21° (12 mm) ws weated under cooling with 9 ml of 21% NaOH solution, after which the alkaline water 
layer was separated and carbon dioxide gas was passed through it, The oil that separated here was extracted 
with ether, the removal of which by evaporation gave as residue 2,22 g of light- yellow product with a hydro- 


_ | peroxide content of 31.5% After repeating the alkali treatment and all of the other operations we obtained 


about 1 g of colorless viscous quid with = almond odor, lodometric analysis of this material showed the 
presence of 68.8% of the hydroperoxide, nD 1.5322, — 
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SOME ANALOGS OF 0,0-DIETHYL-8- ~ETHYLMERCAPTOETHY LDFTHIOPHOSPHATE 
(M-74), LESS TOXIC FOR WARM- BLOODED ANIMALS" 


Cotresponding Members Acad, Sci, USSR M. 1. Kabachik, T. Ae 
Yu. M. Polikarpov, D.-M. Paikin, M. P, Me Gamper 
and L. F. Efimova 


Together with MF. Shostakovsky and E, N, Prilezhaeva [1], we recently published a paper on the synthesis - 
and study of the insecticidal properties of O,O-diethyl-8-ethyImercaptocthyldithiophosphate (M-74) and some 


of its analogs, These compounds proved to be highly active insecticides and acaricides, dens both contact — ae 
and systemic action, 


s 


C,H,O 7 


- 


Among these compounds the most active proved to be M-74 itself, In many cases its contact action exceeded 
that of thiophos (0,0-diethy]- p-nitrophenyithlophosphate); in its systemic action tt was equal to mereaptophos 


(a mixture of isomeric diethyl-B- ethylmercaptoethylthlophosphates), and in some cases it even 
it. 


A study of the toxic properties of M-74 with respect to animals that this substanes 
possesses comparatively high toxicity, although it ts less toxic, for example, than lsomercaptophos (Isosystox)e 
Thus, when introduced intravenously in rabbits the LDyeg for M-74 is equal to 3, wdc 5 mg per. a of body weight, 
while for {sosystox itis 2-2.5 mg/kg. 


Consequently, the purpose of our further studies was to syuchesiang: such analogs of M-74 as, being equal to 
it in insecticidal activity, would be less toxic for warm-blooded animals, 


Several statements exist in the terature that derivatives of the methy] esters of thiophosphoric and dithio~ 
phosphoric acid frequeatly show a lowers toxicity for warm-blooded animals than do the corresponding ethyl ester 
derivatives, Thus, O,O-dimethy]-p-nitrophenylthiophosphate (metaphos) is less toxic than thiophos [2], 


Metasystox— O,0-dimethy]- 8 - ethylmerca ptoethy]thiophosphate and its thiol {somer, recently reported 
by Schrader, are respectively less toxic than systox and isosystox [3]. Incidentally, it should be mentioned that 
frequently the metnyl esters also show a lower insecticidal activity. - 


We synthesized the methyl] analogs of M-74, being derivatives either methoxy! groups on - 
the phosphorus or methy! groups on the sulfide sulfur, and in this way obtained all four possible combinations, © 


491 


Ri 
Raw BR’ = CHy 
R= CHy Ri 


These were by the method by us to obtain M-14 Specificalty, the 
reaction of phosphorus pentasulfide with elther ethyl or methyl alcotol gave us the O,O-dialkyldithiophosphate, 


which was converted to the scdium salt; the latter was with elther B- ot B-chloro- 


+ 8ROH = 4 (RO)PSSH + 24,8, 


The properties of the obtained compounds and their analysis results are given In Table 1, In addition, we 
synthesized and the of the of M-74, the propyl group on the sulfide 
sulfur, 


As we had expected, the substances that contained methy! groups proved to be less toxic than M-74 for 
warm-blooded animals, as can be seen from the data in Table 2, The propyl analog proved to be more toxic, 


In the laboratory the compounds M-80, M-81, M-82 and N-&S5 were tested as both contact and systemic 
insecticides, The contact action of the compounds was determined by spraying them on the last Instar larvae of 
the mealy bug (Pseudococcus maritimus Eth.) and by immersing the harmful harlequin bug {Eurygaster integriceps 
Put.) in their solutions with an exposure time of § seconds, The relative toxicity of the compounds was determined 

_ by the concentrations of the active principle In the solutions producing a 95-100% kill of the Insects in 7 days, 


_ The solutions were prepared from concentrates that contained 90% of the acuee mince and 10% of synergistic 


The systemic. action a the compounds was studied on the harmful harlequia bug . the method of sced- 
treatment before planting, The spring wheat seed was soaked in a 0.6% solution of the compound being tested, 
_ then air-dried, and after a day planted {n pots, In 7-10 days after eating the seed the bugs were placed on the 


wheat sprouts, where they fed on the plant juices, The experimental results were based on the am mortality - 
of the bugs after being on the plants for 


The data of the laboratory on the contact action shown above | 
are summarized in Table 3, - 


~ In addition, an experiment ¥ was run under greenhouse conditions to study the ijuacube action shown iw some 
of the indicated compounds on the spider mite (Tetranychus sp.) found on ornamental plants, The compounds 
M-74, M-82 and mercaptophos (at an active principle concentration of 0.025%) proved to be very close to each 
other in their activity toward this pest, Thus, when counted on the 15th day after treatment the reduction in 
. the number of mites was respectively 99,2, 97,7 and 96.7% of the starting amount, Compound M-80 was slightly 
inferiex to the preceding compounds (the reduction in the number of mites was 93,2% in the same length of time), 


It follows from the above data that in {ts contact 
action M-74 ts most toxic and M-85 fs least toxic, 
With respect to the harlequin bug the compounds M-82 
M-81 also showed high Insecticidal properties, In 
systemic action the compounds M-74, M-82 and M-81 
proved to be the most here M-85 
showed low toxicity. 


‘TABLE 


10.75 (33.15 33.23! 39.32 


13.34 


Compound Intravenous toxicity LDiea f for rabbits in 


M-74 3-3.5 
20 
M-85 
Thiophos 


4.1200 [37.34 37.22/37.48] 7.30 7.28 | 7.34 [10.67 10, 


When the Insecticidal activity of the above com- 
pounds is compared with thelr toxicity when injected 
intravenously into rabbits, attention is drawn to the sharp 
difference Jn the action of the propyl analog of M-74 | 
{compound M-85), This compourd, showing essentially 
the same toxicity for rabbits as M-74 and M-80, atthe 
same time shows the least insecticidal activity, while 
compounds M-81 and M-82, being least toxic for warms 

blooded animals, in their systemic action toward the 
harlequin bug and spider mite Me close to M-74, In thelr ~ 
contact action they are noticeably inferior to M-74 on 
harlequin bugs and to a lessez degree on mealy-bugs. © 


4.2065 [20.07 29 29.25} 6.06 6.44 | 5.73 [12.40 12.30) 12.58 |38.88 39.41] 39.05 


41609 [32.49 32 6 50 6.47 | 6.58 }11.80 11.65) 11.96 


1.2493 |25.93 25 25.85) 5.65 5.76 | 5 64 |13.45 13. 


1.5405 
1.5479 


4.5275 


TASLE 


Compound {Svlution concentration (in #, | Mortality of 
producing 95-100% kill by harlequin bugs” 
contact action (in 4%) aher 
mealy bugs {harmful harle- =| days exposure © 
quin bugs systemic 

action of 0.6% 
solutions . 


9i--92 [0.003 
Ti—71.5| 0.004 


155—156} 3 


M-74 | 0.005 | 0. 
0.01 | 0.c05 . | 80.0 
M-81 0.025 . 
M-82 0.015 |- 0. | 87.5 
0.05 05° 2.0 
Thiophos >0.025 J = - 


M-80| (C,H,O),PSSCH,CH,SCH, 
M-81| (CH,0),PSSCH,CH,SC,H, 
M-82] (CH,O),PSSCH,CH,SCH, 


- 


M-85} | 143--144 


TABLE 1 


The obtained results are evidence that some M-76 
analogs, being less toxic than M-74 for warm-blooded © 


# 
| 
as : 
ho 
H 
a. 


animals, at the saine time arecharacterized by high Insecticidal and acaricidal activity, which fs a very 
important consideration whea these compounds are uscd to protect plants from harmful organisms, 
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SYNTHESIS OF CYCLOSERINE 


N. K. Kochetkov, F. Kucherove, M. Ya. and V. M. Solovyey 
Presented by Academician A. N, Nesmeyanoy, 1958 


Recently a communication appeared [1] on the {isolation of an antibjotic that was produced by a new strain © 
of Streptomyces, It was shown that the new antibiotic, calied cycloserine (1], Oxamycin (2) or PA-94 [3], shows 
a broad antibacterial spectsum and high activity in relation to pulmonary tuberculosis and certain infections of — 
the urological tact (4), At the same time a short communication was ieee containing a scheine for wit 
synthesis of cycloserine, without giving experimental details (5), 


Taking the proposed echeme as a base, we developed the symthess of cycloscrine In detail, making sub- 
stantia! at severe) stages: 


NH, 
CH, — CHCOOCH(CHy)s 


CH,OH — CH — COOCH (CH), 


NHOH dioxane 


ef: 
du, 


CONHOH 


7 
NH 


When an attempt was made te duplicate exactly the indicated synthes{s path for cyclosesine we ran into 
considerable difficulties right at the start, since the 2- pheny]-4-carbomethoxy- 4?-oxazoline, which was the - 
primary starting material, is obtained from d,]-scrine methyl ester hydrochloride and the ethyl] iminobenzoate in 
tow yield, Consequently, as starting material we used the Ssopropyl ester of 2- phenyl-4-carboxy-4*- oxazoline 


11), the yield of of which 90-82 when the ester hydrochtoride Is condensed with cy 
iminohenzoate {8}. 


When hydroxamicactd (iD was prepared in the ‘usual manner froin ester (D, L.e., hy reacting (1) with sili 
ylamine liydrochloride in the presence of sodium ethylate, it was obtained In moderate yield (40-604), Cone 
siderably better resuks were obtained if the crystalline base was used, We ran the by 
this method and obtaled (12) fn better than 60% yield, 


An important optation in the synthesis proved.to be the transition frou acid to 
acid of N- benzoy!- 8 -ehloroalanine (uD. 


It was found that success {s obtained if a amount of chloride in dioxane 
“dsused. An excess of hydrogen chloude leads to strong tarring, and (1D is obtained in small yield; oa the other 
hand, a deficiency of hydrogen chloride gives a difficultly separable inixture of (11) and (1D. 


We postulated that the transformation of (ID into (IID gocs through the Intermediate of the 
chloride which then undergoes thermal tsoincrization (sce [7]. Actually, when (11) is reacted with an alcoholic - 
solution of hydrogen chioride in the cold the hydrochloride is obtained In quantitative yield, which when heated — 

ia dry dioxane fs fsomerized to the benzpylchloroalanine hydroxamic acid (IL). Prior to running the fsomerizae 
tion it fs essential to remove all-traces of hydrogen chloride from the. {I hydrochtoride, When this {s done the | 
yleld of (IID seaches 80-85%, and our modification of this siep in the process {s of great importance. The cycliza- 
tioa of hydroxamic acid (IID can proceed in two icosing either to the 4-benzamidolsoxazolidone (IV) 


_ CH, — CHCONHOH 


NHCOGH, 
cictt,— G4—coNHOH 


au) 


The transformation of (IID Into (IV) when treated with 1N potassium hydroxide solution, as was Indicated 
in the communication on the synthesis of cycloserine (5), fails to give satisfactory results, Here the hydroxamic _ 
acid (I) {s always formed in predominant amotnt (6072, while the desired reaction product (iV) is formed in 
a total yield of only 20%. _ 


When a 20% aqueous soda valent was used as the jeltsetion agent, we were able to achieve the desired 
reaction direction and obtained the benzoy] derivative in 70% yicid, Under our conditions there is some. parallel 
. formation of (ID, which, however, doesnt interfere with the isolation of pure (IV). Treatment of benzoyl derivative 
(IV) with hydrogen chloride in absolute methano) solution gave the dihydrochloride of the O-aminohydroxyalanine ~ 
Seiivative, which when treated with 1N alcoholle solutioa was converted into racemic cycloserine,. . 


EX PERIMENTAL 


2- Phenyl- -oxazoline,. To a solution of 48 g of 
oxazoline in 140 ml of absolute alcohol was added 11 g of crystalline hydroxylamine base. The reaction mixture 
was stirred until the hydroaylamine had dissolved and then with stirring and ice-water cooling an alcohol solution 
of sodium ethylate (4.8 g of sodium in 75 ml of absolute alcohol) was added dropwise, When all of the alcoholate 
had been added the reaction mixture was stirred at room temperature for 15-20 minutes, anl then under cooling 
was neutralized with 10% hydrochloric acid until neutral to bromthymol blue, The resulting precipitate was 
filtered,washed with water, alcohol and cther, and then air-dried, The yield of 2-pheny]-4-casbohydroxamido- 


4*-oxazoline was 38,0 (92%), m.p, 172-174", After recrystallization from water the substance melts at 175-177, 


Found %: C 58.84; H 5. 06; N 13.40, 13.31, ClyONe Calculated % c 58.20; H 4,88; N 13,60, 


2- Phenyl-4-carbohydroxamido-4*- oxazoline fs a white crystalline substance, giving a cherty-red color 
with aqueous FeCl, solution, Difficuitly soluble ach the ordinary organic solvents, It can be peta 
from dioxane, water and aqueous alcohol, 


2-Phenyl-4- carbohydroxamido-a*-oxazoline Hydrochloride, To a suspension of 10 g of ae 
carbohydroxamido-A*-oxazoline in 20-30 ml of absolute alcohol was added with stirring and cooling 10 mi 
of a 25% alcoholic solution of hydrogen chicride; here the substance went {nto solution immediately and then ~ 
the hydrochloride of 2. pheny!-4- carbohydroxamido-A*-oxazoline began to crystallize, and was filtered and 
washed first with absolute alcohol and then with ether. M.p, 114-116*, The yield was quantitative, | 


Found Jz Cl 14,61, 14.54. Calculated % Cl 14.61, 


6-chloropropionohydroxamic Acid (IM, Five grams of 
a*- oxazoline hydrochloride was suspended in 15-20 ml of absolute dioxane and heated with stirring until Cis- 
solved, The hot solution was filtered, cooled, the resulting precipitate filtered, washed with a small amount 
of absolute alcohol, and then with ether, The yield of d,l- a-benzamido-B-chloropopionohydroxamic acid | 
was 4.2 (847), m.p. 147- 149%. After from a mixture of and 
153-155°, 


Found Jz C 49.25, 49.50; H 4.65, 4.68; N 14.11, 11.16; Cl 14.20, 14.38, CuO Calculated te 
C 49.40; 1 4.56; N 11.54; C1 14.61, 


Colorless crystalline substance with relatively low solubility in the acid ain solvents and waters 


d,1-4-Benzamido-3-isoxazolidone (IV), d,l-a-Benzemido- 5 -chloroproplonohydroxamic acid (14.8 g) 

was dissolved in 40 ml of 20% aqueous soda solution with heating, The reaction mixture was boiled for 1-2 | 
minutes, then cooled, and neutralized with 20% acetic acid until neutral to keomthymol blue, The resulting 
precipitate of (Il) was filrered,and weighed 2,2 g (17.6%, m.p. 168-172°, The mixed melting point with 
authentic 2-phenylearbohydroxamido- A*-oxazoline Was not depressed, m.p, 169-171°, The substance 
gives a chetry-red color with aqueous FeCl, solution and when treated with methanolic hydrogen chloride - ee 
solution it gives the hydrochloride with m.p. 110-112*, The mixed melting point with the authentic hydro 
chloride of (I) was not depressed, The filtrate was acidified with dilute acetic acid until it showed acid 

* to bkomthymol blue. The resuhing precipitate of (IV) was filtered and dried in a vacuum-desiccator over 
The yield of was 10.0 g, 155-157, from water 
gave 8.8 g (70%) of substance with m.p, 164-166". ; 


Found C $7.71, 57.81; H 4.82, 4.91; N 13.48, 13, 39, Calculated 88,24: 


Co*orl=s crystalline difficulty soluble in the ordinary organic solvent; it fails to 
coloration with aqueous ferric chloride solution, 


Methyl Ester Dihydrochhoride To 4.0 gofd i-4-beazamido- : 
idone was added 30 ml of a 35% methanolic solution of hydrogen chloride, The reaction mass was heated os 

_ on the water bath for 1.5-2 hours, filtered, and ether added to the filtrate, The resulting of] crystallized when 
rubbed with ether. The product was recrystallized from absolute alcohol, The yield 
alanine methyl ester dihydrochloride was 2,8 g (70%), m.p. 146- 148°, 


Found 22,53, 22.86; H 5.78, 5.81; Cl 33.91, 29,79, Calculated 
H 5.85; C1 34.24, 


d,1-4-Amino-3- soxazolidone (Racemic Dihydrochloride (v) (0, 3 g) was added to 4. 1 ml of 
alcoholic | KOH solution (containing 0,036 g KOH in 1 ml), the potassium chloride was quickly filtered, the 
alcoho! solution was evaporated in vacuo to 1/2 volume, 1-2 ml] of ether was added, the resulting precipitate 
was filtered, and then recrystallized from aqueous alcohol, Yield 0.* g (667), m.p. 192-134" (with decomp.),. - 


Found % C 35,52, 25.55; H 6,09, 5.99; N 27. 54, 27.57, in Calculated &C 35.29; H §.92; 
27.45, 


. - oA >| 


Colorless crystalline substance, soluble in water and difficultly soluble in solvents, 
 Crystallizes from alcohol as colorless needles, 
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THE STRUCTURE OF THE EQUILIBRIUM DIAGRAMS OF MULTICOMPONENT 
HETEROGENEOUS SYSTEMS 


L. S. Palatnik and A. Landau 
Presented by Acadcinician 1. 1, Chermnyaev, March 22, 1956 


To develop further the topological analysis of the equilitrium diagrams of multicomponent heterogencous 
systems,the foundation of which was laid by the studics of N. S. Kurnakov [1], and to study the general-topological 
structure of the Indicated diagrams, It Is possible to make use of the rule of inh regions of separation [2, she 


where R fs the DE dimension (for DE of systeins R= n¢ 1), fy is the dimension of the boundary 
tween two adjacent RS's and D™ and D* are respectively the number of vanishing phases and the number of newly 
arisen phases In the passage of the figurative point from one RS to another across a given boundary. In gi RCRS 
and DE it Is necessary first to eliminate degencration of the corresponding RS*s [3}. 


Each DE represents an R-dlinensional screen, composed of the boundaries (certain hypersurfaces in the -" ; 
dimensional space of the DD) between RS*s. The RS‘s are the R-dimensional meshes of this screen. The maximum 
dimension of the boundary between two Is evidently equal to R-1. Intersecting among themselves, the R-l- 
dimensional hypersurfaces of DE form.a series of nodes* *-geometric elements of smaller dimensions; from R-2 
to zero (point) inclusive, which also serve as boundaries between corresponding RS‘s in the DE, In order that RCRS 
can be used to study the topological structure of DE we will develop a structure for the above-indicated ee. 
sional screen in DE and such an arrangement of phases along RS as willsatisfyRCRS, 


First of all we will examine the area around the zero-dimensional node (point) in the R-dimensional screea 
of DE, It can easily be shown that the structure of the area around the given point should be topologically equiv- — - 
alent to R-1-dimensional hypersurfaces intersecting R times ainong themselves. Actually, only for the indicated 
topological structure is it possible to distribute the phases along the boundary through a given point RS in such 
manner that RCRS {s satisfied. From this it is easy to determine the number of geometric clements of different 
dimensions emanating from the indicated point, and also to find the rule of phase grouping (RGP), which Is obeyed - 
by the phase distribution along RS. In like manner it is immediately possible to generalize the obtained results - 
for the case of an m-dimensional node in DE, For this we will mention that RCRS (1) embcaces not only DE, but © 
"also the regular (non-nodal [3) sections of DE. In the latter case R in formula (1) {s equa) to the dimension of the . 
regular section in DE and is diffcreni froina ¢ 1; Here we form R—-an m-dimensionl reguiar section of DE, ia 
which the vestige of the original m-dimensional node in DE will be represented by a point. Since from the previous 
RCRS,(1) Is valid for the given DE section, the area around the mentioned point, according to the above, should te 
represent a figure that is topologically equivalent to R- m—1-dimensional hyperplanes intersecting R- m times, 


In the reverse transition from an R— m-dimensional regular section to an R-dimensfonal DE all of the geo- 
metric elements of the indicated figure acquire additional m dimensions: the central point of the figure fs again 
transformed into the m-dimensional node of DE, the lines ‘emanating from the central point are transformed into 
m _+1-dimensional hypersurfaces, ete., and the R- m-diniensional RS*s become R-dimensional, Consequently, 

” Subscquently we will use the following abbreviations; DE) equilibrium diagram, RS) region of separation, RCRS) 
rule of contacting regions of separation, and RGP) rule of grouping of phases, 
¢* In the general case we call the intersection os a certain numbers of hypersurfaces a node, 


we at the realt that the area around an i-dimenstonal node Juan DE be topotogically equiv- 
alent to im thucs anvong themselves, In accord with this the follows 
Ing formula holds; 


xt 


where ch ts the of from R—-m along and x represents the number of clements 
of the {-th dimenston. emanating from our exainined DE m-dimensional node. In accord with Formula (Q, for 


i= m we have Xoo = 1, which corresponds to the central m-dimensional node of the given figure; fori = R we 


have which gives the number of R- dimensional elements in the examined figure, the number 


of RS's that pass as bordering pairs through the indicated rm-dimensfonal node. 


: Consequently, we can ascertain to what extent the geometrical elements of different ibinsaiiens correspond 
to each of these RS‘. —- here the formula holds: : 


where ue is the number of i- dimensional elements belonging to one RS in the examined figure. 


In a simflar mannes the rule for the grouping of phases RGP along RS‘s passing as bordering surfaces through 
a zero-diinensional node (through a point), {s made general on the case of an m-dimensional node {n the DE, For 
an m-dimenslonal node RGP has the following character. 


First of all, arnong the RS's passing as bordering surfaces through a given m-dimensional node fn dhe DE, 

there exists ae m 727 0N€ RS with a minimum number of phases (for example, A phases). The phases entering 
into the composition of this RS (for example, the phases: also enter Into the composition of 

all of the othe: indicated RSs, Among these RS*s diere also exists o.. = 1—one RS with a greater number of 
phases, equal to A R—m (into {ts composition enter the phases: 
the composition of the remaining are included the -Indicated phases ay, Gg, (WE will call the 
combinaticn of these phases: + ag... + cy the nucleus for the examined RS"s), and in addition, various 
combinations of the phases ay 4 ye 4 Qe ARGR—m along 2, ete, to the 
combinations along one phase inclusively: That is, we have ck sa —1 2R—m RS's with compositions, representing 
indicated nucleus plus various combinations of phases CXL 41, TL on along the 


—m—i phase; we have with compositions, representing the indicated nucleus plus various comble 


nations of the phases ey 4 4, along the —2 phases, ete. we have Ch 
RS‘s with compositions, representing the indicated nucleus plus various combinations of the phases ay 4 y» 


ER —m along two phases; and finally, we have Ch = R—m RS's with compositions, repre- 
senting the indicated nucleus plus various combinations of the phases AL Along 
one of these phases, The total] number of all of these RS*s, passing as mers surfaces threugh the anni i 
accord with formula (2} : 


The results obtained above, alicaie the structure of R- diaiouinoina’ DE's and RGB*s, can ae be extended 


to the case of R-dimensional regular (non-nodal) secuions in DE's, for which, as was indicated anes formula ()) - 
also holds. 


For two-dimensional DE"s and regular sections in DE*s (R = 2 the general 
considerations Ciscussed above lead to the ving results. Only RS"s (see Fig. 1 2), the com 
positions of which (for exaniple, andaytage...+ay + ay Sail to ciffer by more 
than one phase, can border across one line (m = 1). Asa result, one of these RS's ( = Cf = 1) possesses a 
minimum number of phases and the other of these two RS's (CR =C}=1,G¢ +c} = 2) possesses a maxim 


number of phases cqual R-- Tn two-dimensional DE*s or in the two-dimensional regular sections 

found in only — four RSs can border in pairs through one point 0) (sec Fig. 1,b). The distribue 

ton of the phases along the Indicated RS's proceeds In accord with RGB as Indicated below. Here we have one 

* Cf = 1) RS with a mintinum number of phases (for example, phases: ag, o,). The compositioa 

of this RS serves as the nucleus for all of the other RS*s in the given figure (Fig. 1b). We also have one 

Cf © 1) RS with a maxiimuin number of phases, equat + R-in = 2(for example, phases Og, 

4g). And finally, we have two =Ce-in © 2) with compositions (ay 

+ + ANd + + CCPrescnting the indicated nucleus plus various combinations of two phases 

4, one phase, It can casily be scen from an examination of Fig. 1b that the area around the 

zero-dimensional node (point) In either a two-diinensional DE of in a two-dimensional regular section of the DE 

is topologically equivalent to two (R~-2) showIng mutual intcrsection by a one-dimensional (R-1 = 1) line, fe. 

fow Mucs emanate from cach node of this nature, As a result, either a two-dimensional DE or a two-dimensional _ 

regular section In a DE topologically represents a twe-dimenslonal screen, each zero-dimensional node of which : 
serves as the origin of four Unes.¢ es 


‘We will examine the case of three-dimensional 


ln {R = 3) on the particular example of a regular 
fsobaric (P = const) section In the DE of a three-com= 
ponent system with a simple eutectic and with com- 


plete solubility of components A, B and C in the quid | 
state and their complete Insolubility In the solid state. | Ee 
oR-™ etcht RS's pass as bordering pairs through 
one eutectic point (m= 0). Of them wehaveone 
(Ch-im © C$ = 1) RS with a minimum number of phases, 
equal to unity (A = 1)— this fs the RS of Hquid phaseL, 
which serves as the nucleus for the remaining seven RSs, © 
We also have one co = C}= 1) RS with a maximum 
number of phases, 4,—this 
is the eutectic RS with the composition L+A+Be¢C. 
We also have three (C3 = Ch = 8) RSS of primary 
crystallization with the compositions Le A, L « B and 
L+C, representing the indicated nucleus L plus come | 
wig-2 binations of the three phases A, Band Calongone 
And finally we have three (CR=fJ72 = 3) RSs 
of secondary crystallization with the compositions 
Be C, representing the: 
nucleus L plus various combinations of phases A, B and C along two phases. Here it is also not difficult to see 


that the area around the eutectic point {s topologically equivalent to three (R = 3) showing mutual intersection 
by two-dimensional (R-J = 2) planes. 


Any system with an arbitrary number ef componcats can be examined and described in a sirn'lar manner. S sah 


A. M. Gorky State University (Kharkov) Received March 7, 1956 
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*We wil] mention that in order to develop the indicated structure of two-dimensional DE's of of two-dimensional — 
regular sections In DE's it Is necessary to first eliminate degeneration of the corresponding RS‘s [3]. 
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THE FORMATION OF BENZENE HOMOLOGS AND THE SPECIFIC ROLE OF THE 
SURFACE IN THE THERMAL- CATALYTIC TRANSFORMATIONS OF uit 
BUTYLENE IN THE PRESENCE OF BORON FLUORIDE 


Ya. M. Paushkin and 4; Khilzenrat: 
Presemed by Academician A. V. Topchiev, December 28, 1955 


In contrast to previous snvestigations [1-3], in the present study the transformation of butylene was studied, 
in the temperature Interval from 100 to 506° in the presence of boron fluoride gas on such carriers as.activated — 
charcoal, aluminum oxide, aluminosilicate and silica gel, and the promoting role of the boron fluoride carrier 


was shown, on the basis of widch it is possible to make a number of interesting conclusions relative to the theory _ 
of acidic catalysis, 


The polymerization was run on porous carrlers, saturated with boron fluoride, The carriers are characterized | 
in Table 1, At 100° the activated charcoal adsorbs a greater amount of BF, than do the oxides, and at 400° it ad- 
sorbs a smaller ammount, in which connection a part of the boron flucride on the oxides {s adsorbed Lrreversibly, 


and consequently is chemically bound [4], Boron fluoride is desorbed by activated charcoal when the temperature — 
is raised, 


The polymerization was run {n a flow reactor, which was a cylindrical glass tube with external electrical — 
heating. A thermocouple placed in a a0: well inside the reactor was used to measure the temperature of 
the reaction zone, At a reaction temperature of 200+ 
TABLE 1 500° an important factor the fsolation of the 
. Characterization of the Boron Fluoride Carriers temperature reaction zone from the low-temperature | 
zone, since otherwise a part of the BF, can be carried 
out with the gas stream Into the Jow-temperature zone 


| | of BF, adsorbed ta wt. and receiver, forming catalytic centers here, as a re- 
Carter sult of which polymerization gan take place at temperas. 
|. | tures lower than those prevailing in the reactor.. We 
used a special alkaline barrier of granular soda Ume, 
Act rated charcest placed in the lower heated portion of the reactor ahead 
Alumthan oxide | 434 92 322 of the receiver, to separate the high-temperature zone 
from the low-temperature area. Such a barrier trapped 
45.0 9.2 7A 7.0 22 all of the BF; and ir did not emter the low-temperature 
zone. This feature fs novel for the polymerization of 
olefins with volatile gaseous catalysts in a flow system, 


In reaction process the isobutylene was passed through 
a drying column filled with calcium chlorjde at a definite rate, controlled with a rheometer, into the [<sctor,, 
where the boron fluoride gas, obtained by the decomposition of boron fluoride monohydrate with sulfuric acid 
under heating to 80-100°, was also admitted, The rate of boron fluoride evolution was regulated by the rate with 
which the monohydrate was added from a calibrated burette, The liquid reaction products were collected in the 
receiver, while the gaseous products were collected inthe gas holder, For the {sobutylene transformation products 
obtained in this manner we determined the density, molecular weight, bromine number, an!line polnt, and group 


composition, and we also ran a precise rectification Seti a column with a | EOE capacity equivalent» 
to 15 theoretical 


- 
- 
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ABLE 2 TABLE 3 
Transformation of one In the Presence of Transformation of Isobutylene at High Temperatures 
BEgon Various at 400°. and Atmospheric Pressure In the Presence of Boron 


cow 
sithen 


iene in 
Produce ta & 


Awouat of cosverud 


Temp. ta T 


0.7248 | 


Bors 


° 7Femperature of dissolving fo aniline, 


The carrier in the reactor, the amount of which lee to experiment was 80 ml, was vacuum-dried at 200° 
and then saturated with BF, at the experimental temperature, The polyma ization process was run at a space 
velocity of 60-65 hour-!; 100 Uters of {sobutylene was used per experiment, True fsobutylene polymerization 
§s the main reaction at an experimental] temperature of 200°, However, in the resence of BF, on oxide catalysts 
about 15-20 % of saturated products is formed, At 400°, as can be secn from ‘fable 2, neither polymerization nor 
other fsobutylene transformations take place in the presence of boron fluoride on charcoal, but {n the presence of 
metal oxides and boron fluoride both polymerization and other transformations are observed, The reaction pro- 

duets consist of olefins and saturated hydrocarbons, which are obtained as the result of hydrodehydropolymerizas 
_ thon and ocher transformations, Consequently, oxide carriers and especially aluminum oxide promote the {so- 
merization of Lsobutylene in the preseace of boron fluoride, 


The character of the obtained {sobutylene polymers also varies as 2 function of the cariez used in the poly- 
merization, On charcoal with BF, at 200° the polymers contain a greater amount of olefins than when the oxide 
catalysts with BF, are used (98% versus 80-8593, At 400° In the presence of BF, and charcoal the transformation 
of fsobutylene {s completely absent while with BF, on aluminum oxide ihe conversion reaches 43% which appaently 
fs associated with the formation of surface-active structures between the BF, and Al,O;, and also with other oxides, 
The fact that a part of the BF; on oxides {s irreversibly adsorbed speaks In favor of this postulation, 


The influence of témperature bn the experimental results is very easily seen from the data in Table 3, At 
500° and atmospheric pressure the Isobutylene transformation proceeds with the formation of 10% of aromatic and 
naphthenic hydrocarbons, 


The individual hydrocarbons \ were identified by means of Raman spectra (Table 5).* The aromatic trans- 
formation products of fsobutylene at 500° show concentration in the fractions 120-150*, 150-170°, and higher, 
These fractions consist st almost completely of aromatic hydrocarbons, It {s interesting to mehtion that the reaction 


TABLE 4 


- Characterization of the Fractions of Isobutylene Transformation Products on Cataiyst 
+ AlO, at 500° 


Boiling ran 


omine PUnsat- 'Aniline 
of the fraction “3 
in °C 


Mol, Wt. inumber |maticd point 


$02. 

23. 
6 


170-26 
_fesidue 


° The hydrocarbon composition was determined with the kind cooperation of Frof. G. M, Panchenkova, 


120—150 47.0 4.4765 $43 3 —i3 
159—170 250 1.4958 447 8 ry 


at 500° of the dimers and trimers of lsobut ylene on the catalyst DF, ¢ Al,0, falls to give aromatic hyérocarbont, 
and instead leads inatnly to depolymerization of the olefins, Conscquently, it was shown that the fractions boiling 
above 120° are essentially composed of aromatic hydrocarbons, 


In the thermal polymerization of fsobutylene at 376-460° and 35-350 atm. tt is sitions in one of the mata 
jroducts In the 100-120° fraction {s the cyclic 1,3,4-trimethylcyclopentane polymer [5], which Is obtained (the 
authors assume) by the sequence of reactions and can be to the 


xylencas 


The cyclic dimer of tetramethyleyclobutane is formed in the first stage, and {somerizes to 1 3 etd ony 


methylcyclopentane, and then, as postulated by us, the latter fsomerizes to which thea 
yields dimethylbenzene by dehydrogenation, 


From the data for the change in the thermodynamic potentta of ‘abasic linerination with temperature 


[6]: AZ® = 22,700 + 42.4 T for 2,4,4-trimethyl-1-pentene, AZ" =— 24,300 + 44.2 T for 2,4,4-trimethyl- 
and the equation connecting the thermodynamic potential with the equilibrium COnsLAMRS 


we calculated the eq: quilibetum jlelds of the fsobutylene dimers, which were then with the 
yields of isobutylene Uquid transformatica products (see Table 6), The yield of quid reaction products at 300° 


and higher fs quite different from the equilibrium yield, evidently due to secondary transformations— satis ne ek. 
polymerization reactions, 


As regards the mechanism of catalysis, in our sopchiviens it could be ecviiteved that in the strorpton 
of boron fluoride on metal oxide surfaces the following types of active acidic centers are descent 


which are responcible for the catalysis, 


In aluminosilicates the active catalyst {s assumed to be the acid (HAIsIOds, which fs formed {n the reaction 
of aluminum oxides with silicon, Activation of an aluminosilicate by boron fluoride can be expiained by an in- 
crease in its acid properties due to the formation of BF, complexes with hydroxyl groups on the catalyst surfaces 

F,8—O...H 


and a weakening of the proton bond with oxygen, A similar phenomenon {is observed for phosphoric and other 
acids with boron fluoride, as a result of which the catalytic activity of the starting components {s increasedg - 


| | 
| : 


Charcoal, made anhydrous at high temperatures of 300-00°, 1s Incapable of forming catalytically active 
structiwes with borou fluoride, and conscquently activated charcoal fails to promote in the of 


TABLE & : TABLE 
Individual Hydrocarbons in the Catalytic Calculated and Experimental Data on Isobutylene Cone 
formation Products of on Catalyst version fa the Transformation 


4- thy!- }-pemene 
ny lene 208 
tite 


BF, Asa result, the mechanism of the promoting action shown by adsorbent surfaces on the catalytic activity — 
of boron fluoride at elevated temperatures reduces to the formation of catalytically active structures of acidic 
type, Le., to acidic catalysis, Ai low temperatures the water adsorbed on the carrier surface gives catalytically 
active acidic structures of the type of H “tHO- BF) boron Muoride, These boron fiuoride hydrates are easily 
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EQUILIBRIUM PHASE DIAGRAMS OF THE SYSTEMS NaCl-H,0, Na;S0,-H,;0, : 
CaSO, - HzO and SIO, (Ouartz)-H,0 


Member Acad, Sel. USSRM, A. ane Kh. Khaibullia 


The of vapor solutions is now in the Initial meget of developmen and both 
and theoretical study. 


At high pressures steain acquires the ability to dissolve various nonvolatile substances, which to a large : 
degree dctermines the contamination of steam the found in boiler water, and also thelr 


In the Energetics Institute of the Academy, of Sciences of the USSR <a was made of the rules govern- 
ing the solubility of a number of nonvotatile substances in steam at high and ultraldgh pressures, The data thus — 
obtained permitted constructing the equilibrium phase diagrams of*the systems NaCl-H,O, NaSO,- H,O, CaSO, H,O 
and SiO, (quartz)-H,O,of great importance In understanding the physicochemical processes that take place inside — 
of boilers, Literature data on the solubility of these compounds In steam and in water [1-11] and on the vapoe 
pressure of their saturated solutions [12-14] were used in the construction of the diagrams, 


‘ : The represented systems can be regarded es 
Critical points of the solutions being two-component with volatile (HO) and highe . . 
melting (salt and quartz) components, f.e., systems - 

in which the ternary point of one component fs | 

found at a considerably highes tempezature than the 

critical point of the other component, Consequently, © 

the phase diagrams of these systems should include 

the regions of lquid and posteritical 
solutions, 


The diagram the system 
NaCl-H,0 is shown In Fig. 2, The lower portion of - 
the diagram embraces the region of aqueous sodium 
chloride solution, It fs bounded by a saturated solu- 
tion line that starts at the freezing point of saturated _ 
NaCl solution (t = -21.1°, C = 23.27%) and endsin — 
we, the melting point of the salt(t = 804°), where the . 
gD 0 0% NaCl concentration In water is 100%, here. the isobars, . 

Concentration of NaCl in water expressing the relationship between the boiling points 
of the aqueous solutions and the 
Fig. 1. Plot of the equilibrium phase constant Ke for - the pressure tasige from 1 to 400 kg/em?, The {sobars, 
the system NaCl-H,0 as a function of pressure and conesponding to pressures Ps PEO originate. 
composition, . from the boiling points of pure oti while the fsobars, 
corresponding to pressures P> FEF, begin from the 
critical temperatures of the sstiathiind, The points of Intersection of the isobars with the lines of the saturated sole 
utions form the C-P-t Sem of saturated aqueous NaCl solutions, 


~4 


255% 
| 
\\ 


The region of the vapor and pusteritical solutions of the NaCl-10 system Is shown fn the upper portion of 
the diagram, Here the portion characterizes the regton of the vapor solutions found tn equilfbelum with the 
ayucous solutions; and the right portion characterizes the equilibrium regton of superheated steam with the solid 
sah, Geometrically the polits corresponding to the boiling points of the saturated solutions on the solubtlity 
bars of NaCl tn stcain show the saturated vapor solutions of the given system, © 


The region for the equilibrium of the vapor solutions with the aqneots solutions can he most clearly exe 
pressed the equilibrium constant Ke, the distribution of the dissolved component between 
the vapor and Hquid phases at a given pressure, The 

isobars for the phase cquilibrlum constant of the 
NaCl-11,0 system are shown In Fig. 1, The compo- 
T sition of the Hquid phase (in NaCl) fs plotted along 
“Saturated solution linein the abscissa, while the phase cquilibrlum constant 
we Hicvid physe is plotted along the ordinate, From the diagram it 
_ ean be seen that at P< equilibriuin salt sol- 
uthons exist In both the vapor ane liquid phases of 
_ the system up to zero concentration for the dis- 
solved component; in this connection the Mmiting 
value of the phase equilibrium constant depends 
only on the pressure and can calculated from the 


4, 


Ccucentration of NaCl ia HO 


where n for NaCl is equal to 4,4, and y “and 'y°? 
are the vapor and water densities, respectively. 


At P > the lmiting phase equilibelum 
constsnt {s equa] to unity and corresponds to the 
critical compodtion of the system at a given pres- 
sure, When-b = Ke = 1 at zero concentration 
for the dissolved dag, npeaent, which compounds to 
the critical point of water. 


% 


ia 


At the minimum temperature point the fsobars 
of the vapor solutions (Fig. 2), corresponding to pres- 
sures Show transition without a break into 
the corresponding: Isobars of the liquid (aqueous) sol- 
utfons in the given system.*® The combination of 
these points forms the critical line of the NaCl-H,O 
system, which connects the critical potnt of water 
(igwer critical point in the system) with the critical 

. point of sodium chloride Cree critical point in the 
sysiem), 
Fig. 2. Equilibrium phase diagram of the system _ ae The equilibrium phase diagrams of the systems. 
NaCl-HA.  NagSOg- HO, CaSO,-1,0 and SiO, (quartz)-H.O are 
ease _ shown in Figs. 3and 4. They resemble each other 
and differ strongly from the system N2Cl-HO, The water solutions of these substances show very little temperature 
depression and a negative solution heat at elevated temperatures, Consequently, a critical region $s absent In these - 
systems, while the critical solution line shrinks into a point, practically identical with the solvent- water critical 
point, The upper boundary lines represent saturated solutions in the liquid phase of the system, while the lower 
lines represent saturated solutions in the vapor phase, These lines merge in the critica} polnt. The ratio of the. 
Vapor phase concentration to the Hquid phase concentration at a constant temperature (pressure) gives the phase 
— equilibrium constant of the system for a given pressure, The latter, as was shown by experiment, for systems that 


form weak solutions and show « low temperature oe is practically Independent of the concentration and 
can be calculated from equation (1), 


Soluticn {réezin 


8 


of NaCl in 1,0 


> For the sake of clarity the Isobars of the aqueous solutions, corresponding to pressures P>P foe and the saturation 
line in the liquid phase are reproduced in the upper portion of the diagram. 
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Aturated solution 


§ Postcritical . 
Se eds | 
id Ja salt 


NazSO,- HO and HY. 


At pressures below160 kg /cm* 


steam, 


Data on the solubility of quartz in water at ultrahigh pressures ‘ to 1780 kg/em’) [4] are sho plotted 
on the evuilibrium phase dlagram of the system SiOs(quartz)-H,O (see Fig. 4). They form a famfly of solu- 
bility fsobars of SiO, in water, being regularly shaped curves of {ts saturated solutions in both the _— east . 


vapor phase, 


Academy of Sciences of the USSR 


(1955). 


G, M, Krzhizhanovsky Energetics Institute | 


Fig. 3, Equilibrium phase iaspand of the spans 


G. Kennedy, Econ. Geol, 45 No. 11 (1951). 
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Fiz. 4, Equilibrium diagram of the sytem 
S10, (quan) HO. 


346°) the exper{mental vapor solution saturation fn the system Na,SO-HO 
differs from the calculated, This is apparently due to the fact that in the experiments run at Ke<10°® some 
vapor enturalument was encountered, which raised the total loss coefficient.¢ Consequently, on he equilibrium = 
phase diagram of the Na,;SO,-H,0 system (see Fig. 3) the calculated saturation line for sodjum sulfate vapor 

solutions is-the more relizbie at pressures below 160 kg/en*, The Isobars situated to the right of the vapor — 

phase saturation characterize the solubility of the nonvolatile componcnits of the ts 
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THE EXTRACTION OF NIOBIUM, TANTALUM AND TITANIUM . 
CUPFERRATES 


Corresponding Member Acad, Sci. USSRI, P, Alimarin and 1. M. Gibalo 


A considerable number of papers have been published on the extraction of meta) cupferrates with various : 

organic solvents [1-4], It can be concluded from these studies that most cupferrates are extracted from acid — 
solutions. Data on the extractioa Py cupfertates froin weakly acidic and neutral solutions are- ns enraged noar 
existent, 


The extraction of small amounts of nioblum cupferrate fs discussed in the paper K. v. The 
problem of extracting tantalum cupferrate is not discussed in the Hterature, 


Our problem was to make a detailed study of the extraction of nloblum and tantalum for the purpose of 
determining the possibility of thelr separation from Utanium, 


Extraction of Niobluin Cupferrate, To study the extracticn of niobium cupferrzte we investigated the sole 
utions of the pyrosulfate melts of niobium pentoxide in 2% ammonium binoxalate, ammonium bjtanrate and 
emmoniuimn bicitrate, and also in hydrochloric and sulfuric acids, The NbgO, concentration was 0.6+0,9 mg/ml, 
The extraction was done as follows. To 5 ml of the studied solution was added 3 ml of a 6% aqueous cupferron 
solution, the mixture made acid with hydrochloric acid to the destred acidity, snd the whole shaken for 3-5 mia. 
with an organic solvent, To obtain comparable results the amount of solvent was 


The volume of the aqueous dhise was 5 13,5 ml 105 ml . 
of the studied solution +HCl to give the desired acidity). 
As the solvent we used a number of organic compounds; » 
‘chloroform, carbon tetrachloride, diethyl ether, ethy] 
acetate; the alcohols; n-butyl, isobutyl and {soamy] 
butyraldehyde, n-heptane, o-aylene and benzene, Experi- 
ment revealed, as was to be expected,that not all of these . 
solvents behaved the sa.ne in extracting the niobium cup- 
ferrate, The degree of extraction strongly depends on both 
the solvent nature and the solution acidity. 


Extraction 


In Fig. 1 we show the results of a single extraction. 
of niobium copferrate by various solvents from solutions 
containing 2% ammonium bitartrate as.a function of sol- 
ution acidity. It can be seca from the figure that chloro- 
form, ethyl acetate, diethyl ether and isobutyraldehyde 

are the best solvents for niobium cupferrate, Radioactive 
Ree ear Ser Nb™ was used to determine the completeness of extraction, 


HEL 3 The above-mentioned organic solvents are also 
Fig. 1. Relationship between the degree of niobium —_—good solvents for the extraction of niobium cupferrate 
extraction from solutions containing 2% ammonium —_ under other conditions (solutions containing ammonium 
bitartrate and the hydrochloric acia concentration, binoxalate or ammonium bicitrate, and also 
i) Chloroform; 1} amy! acetate; HY) diethyl] ether; and sulfuric acid solutions), 
IV) isobutyraldehyde; V) benzaldehyde; VI) 
tetrachloride; VID cyclohexanone, 
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The presence of tone metals, NING, ut the temperature to 2% do not 
show substantial influcuce on the degree of extraction, 


Experiments ran ander shintlan conditions reve aled that tanta hin euplerrate abe easily extracted by 
solvents from acid solutions, Thantom, from both Hteratuce data (1,4) and our studies, fo acid medion 
forms with cupferron a compound that fs soluble organic solvents, Consequently, the scparation of there el- 
ements by the method of extracting the cupferrates from acid solutions proved dmpossible, 


It sccincd of Intercst to determine the ‘possibility of extracting the cupferrates of niobium, tantalum and 
titantum from weakly acid, neutral and alkaline solutions, 


Alkaline A. Pilipenko (6) developed a inethod for separating from nioblum and tantalum, 
bascd on the precipitation of the Utanium at pH > T with cupferron from bitartrate solutions, and in that way, 
confirmed the formation of tttanium cupferrate at high pH values, 


We studied the eatraction of Nb, Ta and Ti cupferrates In the pH Interval from 0 to 8. Experiment revealed 
that Isoainyl alcoho] fs the most suitable solvent under these conditions; chloroform is also a good extractant here, 
but its coluine has to be doubled, 


The extraction Is possible only from soluiions containing 2-3%of aminonium Ditartrate, Extraction is 
impossible when binoxalate and bictirate solutions are used, since here precipitates {nsoluble in organic solvents 
are formed and the separation of the phases Is a very slow operation, 


_ The eatraction was done as follows, To 3-5 ml of solution (concentration of oxides 0.7-0.8 mg/m), placed 
in a separatory funnel, was added an equal volume of fsoamyl] alcohol and 0.5-0.8 ml of a 4%aqucous cupferron 
solution, and the whole shaken for 2-3 minutes; after separating the organic phase, the percent extraction of Nb 
and Ta was determined by the specific activity of the solution, while titanium was determined colorimetrically 
(after removing the solvent) by its reaction with HyO,, The experimental results are plotted in Fig. 2, from which 
- I can be seen that the degree with which niobium, tantalum and titanium cupferrates are extracted varies with 


the pH, This difference served as a base for me extraction method developed by us to separate titanfum from 
nlobium and tantalum, 


Separation of Titanium From Nioblum and 
Tantalum, When specimens containing nioblum, 
129 tantalum and titanium are analyzed, these cleinents 
: in most cases show mutual separation, Conscuvsently, 

ooh a the problem reduces to the pecliminary removal of 

: titanium, which interferes with both gravimetric and 
colorimetric determinations of niobium and tantalum, 
The separation processes are quite complicated and 
do not always lead to satisfactory results, 


‘Extraction 
ys 


We made a detailed study of the possibility - 
of separating titanium by the method of extracting 
the cupferrates with fsoamy] aicohol at ob 5 and 
obtained satisfactory results, 


solutions containing Nb,Os + Ta,0¢ and titanium 

in various proportions, The mixture of oxides — 
(total 0.6-1.2 mg/ml) was fused with 8-10 weight 
parts of potassium pyrosulfate, the melt was dis- 
solved in 2% ammonium Ditartrate solution and the 
desired pH was established, using dilute NHOH 
(the pH was iat potentiometrically). Then various volumes (2-5 ml) of solution were xemoved and placed 
in a separatory funnel, an equal volume of isoamyl alcohol was added, then 0,5-1 ml of a 4% aqueous cupferron 


Fig, 2. Relationship between the degree of extraction 
of niobium (i), tantalum (ID and titanium (11) cup- © 
ferrates by tr alcohol and the pH, | 


solution, and finally the mixture was shaken for 2-3 minutes, After this the “ee Jayer was decanted and the _ 


extraction repeated 3 times, 


am 


TABLE The of separation was voulied 

with aud by the ase of the Nb” and 
Ta" fsotopes, The activity was 2000-3000 tmp 
per milliliter, ? 


Separation of Titanium From Niobjuin and Tantalum 


Talen, mg Extracted, % 
Tekh The separation bee in Table 
From the data it can seen that titanium 
_ is completely separated from niobium and tantalum, 
- Consequently, the method developed by us can be 
used to analyze specimens containing motinm, 
tantalum and titanium, 
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STUDY OF THE STRUCTURE OF CELLULOSE BY THE ETHANOLYSIS METHOD | 


1. I, Korolkov, 1, Sharkov and N. Garmanova 
. Presented by Academican L P, Barbin, March 7, 1956 : 


Many chemical and physical propertics of cellulose indicate the nonuniformity of its structure, explained | 
by the simultancous presence Ja it af disorderly (amorphic) and orderly (crystalline) regions, At the present time 
many different methods have been proposed [1-7] for the quantitative evaluation of these regions, All of these 


_ methods possess varfous essential imitations, in view of which sig results obtained with thelr assistance vary with- 
in wide Umits, 


Thus, for example, the methods on ‘the reaction of with elther thalllum organo- 
magnesium compounds, deuterium oxide or sorption of water vapors, give an idea as to the number of available 
hydroxyl groups present in cellulose, and which also belong to the loosely packed portion of the macromole- 


cules found In the amorphous and the located on n the surface the a condensed, 
orderly structure, 


Of greatest interest in this respect are the methods that are based on a measurement of the amount of readily 
hydrolyzable cellulose fraction, However, even these methods fail to give a true picture as to the amount of 


amorphous fraction due to the fact that the hydrolysis {s ee by recrystallization of the “syaeraers celle 
ulose portions [8}, 


‘Another method deserving is based on a of the fraction 
from the specific gravity of the preparation, However, at the present time this method is also unsuitable fog the © 
measurements, since for subsequent calculations It is necessary to know the true specific gravities of both the 


amorphous and crystalline cellulose eases ee a direct determination of these menioes has not beea 
accomplished up to now. 


min, 
fre a . ~ 
aor 
0008 Fran \ 
0005 
Amouit of ‘ound to solution Amount of dissolved cellulose 
Fig. 1. Curves for the hydrolysis and ethanolysis of = —*Fig. 2.. Amount of amorphous fraction in recrystal- 
ground cellulose and viscose rayon. a) Ethanolysis — _ zed specimens of ground cellulose, a) Original 
of ground cellulose, b) hydrolysis of ground cellulose, . ground cellulose, b) kept In water at 18°, c) - 
c) ethanolysis of viscose ayn, d) on of viscose kept in water at ‘100° for 1 hour, d) the same for 


rayon. 


3 hours, 


—utely dry cellulose was ground for an hour In a spectal vibration mill with a stecl cage, half-filled with steel 


tude of 8 min and a frequency of about 1000 vibrations a minute, 


~ stans weight, From the weight loss suffercd by the preparation during alcoholysis we calculated the minute cel- 


Striving to find a sointion to the given problem, we attempted to replace the hydrolysis of cel hilose hy lis 
ethanotysis in anhydrous medium, The exclusion of water from the system, belng the source of ecllntose re- 
crystallization, could factHtate complete cleavage of the ainorphous fraction, 


To study this method we prepared an *amorphous® cellulcse by grinding some cotton cellulose, The absol- 


balls, By means of a special mechanism the cage with the cotton cellulose was ralscd and dropped with an ampll- 


The x- ray pattern of such a cellulose showed one clearly defined amorphous ring of Aiffused Hglt scattering, 
The alcoholysis of the ground cellulose was run in absolute alcohol, containing 10% of sulfuric acid monohydrate, 
The resction was run in copper autoclaves, immersed in a boiling water bath, The duration of alcoholysis in 
individual experiments was 20, 60, 180 and #0 minutes, 


On conclusion of reaction the autoclaves were cooled with cold water and thelr contents transferred to & 
glass filter, where the undissolved cellulose residue was washed with water until neutral and then dried to con- 


lulose solution rate constant for all of the investigated time intervals. On the basts of the data obtained in this 
manner we constructed the curves showing the — aeweee the magnitude of me constant and the percent | 
of dissolved substance. 


The results of swdying the ground cellulose preparation ne this method are shown fn Fig. 1, a. From the 
i 64 the curve it can be seen that a considerable portion of the preparation dissolves very rapidly, apparently 
corresponding to alcoholysis of the amorphous 


fraction. After the cellulose reaches a cer- 
min. 
PeOEENS tain solution point the rate of this process be- 
gins to decrease rapidly, in the end finally reach- 
R : ing the solution rate of difficultly hydrolyzable 
cellulose, 
x-ray patterns of the cellulose re- 
3 sidues after 20 minutes of either hydrolysis 
& N or ethanolysis showed that an interference patte 
2009 ts \ 3 close to the x-ray pattern of natural cellulose, 
: .° N appears in the first case, while in the second 
only small illumination of the diffusion 
S IN ring is observed, apparently due to the ace | 
BS cumulation of unchanged cellulose in the 
 sésidue. Curve a in Fig. 1 also shows that 
| AT INS the pulverized cellulose is heterogeneous and 
ch consists of a mixture of amorphous and crystal- 


Amount of dissolved cellulose 


line fractions, showing sharply different capac- 
ites for ethanolysis. Lf the point (or a definite 
portion) for the transition of curve a into a 
. Straight Hine, corresponding to attainment of 
~ the ethanolysis rate for the main portion of 
natural cellulose, §s tentatively taken as the 
boundary between the amorphous and crystale . 
line fractions, then the amount of readily reacting amerphous fraction in our studied ere cellulose specimen 
is about 68%," 


When the ground cellulose Is szbiected to Svinte under similar conditions Fig. 1, b) the attainment of 
the point corresponding to hydrolysis of the difficultly hydrolyzable portion of natural cellulose {s observed at 

a considerably lower degree of solution for the preparation, which indicates the ert damaging Influence exe 
erted by the recrystallization process in the given case, 


Fig. 3. Amount of amorphous fraction In various cell-_ 
ulose samples, a)Cotton cellulose, b) wood cellulose rs 
c) d) viscose 


A sinilar phenomenon, but on a considerably smaller scale, is observed in the comparative alcoholysis 
and hydrolysis of regenerated cellulose as viscose rayon. An examination of curves c¢ and d (Fig. 1) shows that 
here also, due to the the hydrolyzable cellulose is reached 


lrepata- reparation ] Fofanwrplious Sts alcoholysis, 


tlon No cellulese theory that eelfutore secrystallization® 


from the by the As respotsible for the sharp difference in the hydro- 
and alcoholysts of varlous cellulose prepara- 
ae ttons could be verified by studying the cthanolysts 
-ra- ata tate of previously recrystallized cellulose peepara- 
ive Hons, containing amounts of the amorphous 


lose, recrys- “For this a sample of cellulose was 
Wzedwith 1 wig hept in water for 1 hour at 18°, a second sample of | 
hoe water 1.511 the same cellulose was heated in water for 1 hour 
Cotton cellu- } t at 100°, and a third sample was kept {n water at = 

1.542 142 | 1 (100° for 3 hours. After this treatmem the recrystal- 
Viscoserayon | 1.523 {76 preparations were washed with cold absolute. 
: ~ alechol to remove water, dried, and then subjected 
to alcoholysis. The obtained results are plotted in 
Fig. 2. An Analysis of this data clearly shows the influence of water as a powerful f2ctor for the recrystallization- 
of the amorphous fraction in cellulose. The ainount of amorphous fraction in these samples equal to 68% in the 
original material, afier treatment with cold water dropped to 43%, after 1-hour treatment with bojling water to 
37%, and after 3-hour treatment with boiling water down to 30% Asa result, In its eres sig caren the | 
whole amorphous mass suffers condensation, which renders alcoholysis difficuk, 


The results of studying various samples of natural and regenerated cellulose by the alcoholysis method are 
plotted in Fig. 3. From the obtained data it follows that the smount of the amorphous fraction in cotton cellulose 
is about 77-, in spruce sulfite cellulose about 154, in cellophane about 42%, and In viscose rayon about 45%, 


A comparison of the alcoliolysis and hydrolys{s of spriice holocellulose under similar conditions gave peace oa 
tically identical results, indicating the absence of recrystallization phenomena In the process for the hydrolysis | 
of the easily hydrolyzed polysacchasizes found in the cell walls of plant tissue that had been made free of lignin, _ 


This method also permits observing the rapid recrystallization shown by viscose rayon cellulose durtag the» 
process of its very easy hydrolysis, proceeding almost without solution of tke cellulose, meet 


Extension of the ethanolysis method to a study of the structure shown by differently stretched viscose rayon 
samples revealed that here the amount of amorphous fraction Is practically Independent of the degree of stretch. 
For example, it was found that the fiber sample, stretched 10%, contains 48% amorphous fraction, while the sample 
with a 70% stretch shows a 50% content. These fects indicate that the fiber orientation due to stretching is dif- | 
ferent from the recrystallization process that is observed In the hydrolysis of the fiber with dilute acids. During 
stretching, together with increzse in fiber orfentation, a constant ratio of the amorphous and crystalline fractions oe 
is retained, while during hydrolysis this ratio shifts in the direction of increased crystaJline fraction, | 


Having obtained with the alcoholysis method aa approximate value for the amount of amorphous fraction 
present in ground cellulose, we next attempted to obtain a more accurate value for the specific gravity of the 
amorpttous fraction. For this we used the flotation method in carbon tetrachloride to determine the true specific 
gravity of the ground cellulose, which proved to be 1.509. To determine the specific gravity of the crystalline 
portion in cellulose we measured this value for cotton cellulose that had been made free of die amorphous fraction 
by partial hydrolysis, which value proved to be 1.500, L.e., it was close to the calculated value of 1.558 obtained 
by Hermans [6]. Making use of the found specific gravity values and the ratio of the fractions, we calculated the» 
specific gravity of the armorphous fraction, which proved to be 1.488, f.e., it was considerabl; smalles than the ~ 
value calculated by Hermans (1.505). Making use of the found specific gravity values, we eens the amount 
of amorphous fraction in various cellulose preparations, 


Some of the obtained data are given in Table 1. An examination of the sna fesults reveals that the 
values obtained by us for the amount of amorphous fraction by the method of specific gravities and ethanolysis 
-are characterized by being considerably smaller than those obtained by other investigators, 


© Here we define recrystallization as condensation of the cellulose and loss of Its. reactivity. 


3s Received March 6, 1956 
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THERMAL STABILITY OF a-PARAFFIN HYDROCARBON COMPLEXES WITH UREA 


1. M. Rozenberg, E. M. Terentyeva, N. A. Nechitailo and Academician 


The coinplex- formation of urea with suriaght-chain aliphatic compounds (n- paraffins, alcohols, ketones), 
beades its practical value [1], 1s of great scientific interest, cince the crystalline molecular compounds 
that are formed here belong to the little studied type of so-called “inclu:ion complexes® (2,3}. An x-ray 
study of the structure of this type of complex revealed 4-6] that urea forms a hexagonal prism here, the in- | 
terior of which can be regarded as being a peculiar canal with the dintensions in the widest part being about 
6 A, and the narrowest about 5 A. The paraffins with a ~chain structure enter canal io a 
condition, forming the “inclusion compiex® 


Branched hydrocarbons with molecular cims sections clo:e to or exceeding the wiles of the canal cross 
section canrot enter into the interior of the prism, and contequently fail to participate in the complex- for ma- 
thon reaction. At times an activator, most frequently eather methyl! — or methyl ethyl ketone, is used 
to facilitate the start of the complex-foamatioa reaction, 


A study of the reaction of wea: with individual paraffin hydrocarbons, in particular with icsualebaai: 
by the thermographic method (7] revealed that the solid molecular compound-complexes obtained-here fail es 
to melt, but instead decompose into the starting components, i.e., paraffin and urea, when heated to a certain | 
temperature. The paraffins and wea are practically insoluble in each other, as asctuht of which the original = 
paraffin can be quantitatively isolated from the complex after its decomposition. In this pape: we give ihe 
results of our further study of the thermal stability shown by the complexes of @ number of normal paraffin _ 
hydrocarbons, ranging from to incluave. The differenti2l-thermal method was used to make_ 
the study, with the N. S. Kurnakov pyrometer being used to obtain an automatic recording of the heating curves, 
The weight of sample taken for a recording was 0.06 g. The n-hydrocarbons used in the study were eee 


synthesized and were purified by repeated recrystallization from number of final recrystal~ 
lization was made from ethyl alcohol 


The startng products for the synthesis of the the scheme, the 
of the hydrocarbons, and also the data obtained by the thermographic. method on the citar points and it 
morphic transformations, have bees descaabed earlier (8). 


The complexes of the indicated hydrocarbons were obtained in several ways: in ‘te liquid phase by the © 
method described by Bengen [9] and made more exact by us J10), and in the -olid phase by grinding urea and na 
n-paraffin in an agate moxtar either with or without the we of an activator. The obtained complexes were 
heated, It should be mentioned that the decomposition temperatures of the complexes formed in the solid 
ard in the liquid phases are in good agreement ‘between themselves, the difference being of the ordes of ¢ 0.5%. 


The heating curves for the complexes of n- paraffins (from CygHyg to Cy3Hg,) with urea, prepared in the 
solid phase with the use of absolute methyl alcohol as the activator, are shown in Fig. 1. Several endothermic 
effects can be scen on the heating curves. The low-temperature effects correspond to phase transformations 
(polymorphous transformation, melting) [8] of the paraffin portion that had failed to patticipate in the compkex- 
formation reaction. The effects located in the middle portion of the heating curves (106,4-108. 
for CygHyg: 115.8-117.1° for CyHy, etc.) belong to decomposition of the complexes, and finally the effect 


found at 134° on all of the heating curves to melting of the urea libeiaies ia the 
of the complex. - : 


| 


Fig. 1, Heating of the reaction products of n- paraffins with urea, a) CygHag, 


The effect for the decomposition of the complex was absent (the curve fs not shown) on the heating curve 

Of CygHog with urea (when the reactants were reacted In the solid phase). In view of this we prepared the com-. 
plex in the Uquid phase by the method recommended by Bengen. Here the complex deposited as a voluminous 
precipitate. On its heating curve (Fig. 2 a) we observe the presence of the endothermic effects corresponding to 
the phase transformations of the unreacted paraffin, and then an unusually large effect for the melting of the urea. 
The Increased area of the peak corresponding to urea melting can be explained by the presence of a substantial 
amount of free unreacted urea in the complex, and apparently, also by. the fact that It corresponds to two merging 
processes: decomposition of the complex and melting of the urea. A slight inflection (point A) is observed on the 
differential curve, which can correspond to the end of the decomposition reaction for the complex, but its close 
proximity to the melting point of wea does not lend support to such an postelate. In order to make sure that the 
obtained precipitate is some sort of complex, the originally recorded specimen was kept in the recording block 

for 1 hour at the melting point, then cooled to room temperature, after which its heating curve was recorded again 
(Fig. 2b). Here, as was to be expected, the size of the peaks on the differential curve, corresponding to melting 
of the paraffin, showed substantial increase when compared with the previous record (see Fig. 2 a), since here the 
‘paraffin liberated from the complex was combined with the unrescted paraffin, On the other hand, the peak corres- 


ponding to the melting of urea is oo in sah, since in this case the reaction for the decomposition of the com- 
piex is absent. 


* We also prepared the complexes of all of the hydrocarbons, with the exception of CzsHs3, CaHgg and Colon 
iu the solid phase without the use of an activator. From Figs. 1 and 2 it follows that definite decomposition mits 
exist for the complexes of the hydrocarbons ranging from Cygly, to CeHyg. More exact decomposition temperatizes 
for the complexes were obtained by using a more accurate graduation in the Individual recording of their heating 
curves. These results are shown in Tabte 1. It 1s possible that the temperature Hmits will vary somewhat as a 


| 


A. 


2 26 


Fig. 3. Relationsh!p between the incipicnt ée- 3 
composition temperature t of andthe” 


number n of carbon atoms fn the n-paraffin chain. 


TABLE 1 


tion 


Hydrocar lim! Hydrocar- ‘temperature 
Fig. 2, a) heating of the complex, . fa: Mmits ia °C 
b) its second heating after being kept 


[108 4408.5 {22.3-424.2 
in the block. [115.8—$17.5 125.6—128.6- 


-]120.0—122.4 
function of the rate of heating the complexes. Io 4130.0—131.0° 


determining the decomposition temperatures a heat- 
ing rate of 0.7-0.8° per minute for 0.06 g of sample 
was used, 


Although the decomposition temperatures given for the complexes are quite close in some cases, still they 
are quite different between themselves and can be used to Identify the complexes of both synthesized n- paraffins 
and those {solated from mixtures. As can be seen from the table, the decomposition temperature of the complexes 
increases as the number of carbon stoms In the chain of the normal paraffin increases.. For the complexes of 
CHeg and CyzHeg it Is very close to the melting point of urea. Proceeding from the structure of "inclusion 
complexes®, it can be assumed that the compounds of urea with high- molecular hydrocarbons (above Cartted, 
if they are formed, should obviously decosnpose at the melting point of urea, f.€., at 133-134", 


In Fig. 3 we have plotted the temperature curves for the start and end of hydrocarbon-complex decom- age 
position as a function of the number of carbon atoms in the chain. The curve shows an Inflection ata point 
corresponding to the composition of a hydrocarbon close to CyHg. This situation coincides with the observations 


made by many {Investigators relative to the change occurring in the region of Cx and ea for the regular Rene = 


of prope:ties shown by even-numbered paraffins, 


Thus, for example, Garner [11] derived an equation, linking the crysta Mization temperatures of n- -hydro- 53 
carbons with the number of carbon atoms, The equation was used to calculate the crystallization points of the 
hydrocarbons from to For the hydrocarbons above the calculated and experimentally deter- 
mined crystallization temperature values proved to be in good agreement. For the hydrocarbons with a shorter 
chain the theoretical values were considerably below the experimental, These facts can be explained if it fs 
assumed that at room temperature the hydrocarbons below €23Hyg show a a iline structure, differing wie the 
structures Of Coshisg, etc. 


Miiller postulates [12] that with a certain chain length the end groups of the molecule will show a strong 
influence on the formation of a crystalline structure for the hydrocarbon, not playing this role in hydrocarbons 
with a long carbon chain, For odd-numbered hydrocarbons this influence, as he postulates, will show itself for 
members below and for the even-numbered series — In the hydzocarbons close to AS a scsuh, the 


| : 


vartation in the modifications of the entering into composition of the complexes 
apparcutly exerts a influence on thelr thermal 
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